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CROSS-REFERENCE TO RELATED APPLICATIONS V 

This application is a non-provisional 
continuation-in\)art application claiming priority 
from U.S. S.N. 60Al03,098, filed on October 5, 
1998, and from U.3.S.N. 09/022,965, filed on 
February 12, 1998, Which is a continuation-in-part 
application of U.S.I^.N. 08/532,979 filed September 
22, 1995. 

F1EL.D OF THE INVENTION 

The present invention relates to cancer 
therapy. More specifically, the present invention 
relates to the inhibition of the proliferation of 
cancer cells using modified antisense 
oligonucleotides complementary to nucleic acid 
encoding the protein kinase A RI^ subunit. 



y 10 BACKGROUND OF THE INVENTION 

"in 

The development of effective cancer therapies 
has been a major fipcus of biomedical research. 
Surgical procedures^ have been developed and used 
to treat patients whose tumors are confined to 
particular anatomical sites . However, at 
presentation, only abcait 25% of patients have 
tumors that are truly aonfined and amenable to 
surgical treatment alone (Slapak et al . in 
20 Harrison's Principles of\ Internal Medicine 

(Isselbacher et al . , eds .\ McGraw-Hill , Inc., NY 
(1994) pp. 1826-1850) . RaWation therapy, like 
surgery, is a local modalitV whose usefulness in 
the treatment of cancer depeVds to a large extent 
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\ • o-it-ivitY of the tumor and 

in.a.ent V^J^X^^^^^HLeve. , radiation 

therapy rs \ ^„^,i,,,„ora, radiation 

long term ^^'^^^^^X „^„genic, carcinogenic, 

therapy is >»°»- Zrl ll ibid . ) . 
and teratogenic (Sla^k et al . , 

..lone or in combination 
systemic X^^tXrapy is currently 

with surgery and/or r disseminated 

,.e primary treatment ^^-J-^^^^^^^^, 
malignancies However, conve ^^^^^^ ^^^^^ 

chemotherapeutrc a.e .^^^^^^^ ^.^^ 

enzymatrc pathways o ^^^^^^^ 
l„espectrve of the c ^^^^^^ 

speci£rcrty ^^^ J^ ^^,,,,3 £rom standard 
systemic toxrcrty often ^^^^^^y, the 

cytotoxic J:;i.cK replication, 

development of agen transformed 

transcription, or ability of 

at the same time defeat 
cells, and at the ^^^^ 

cells to become resistant, 

^r.r-oaches to chemotherapy, 
many approacnet. 

o ct-rategy is to dovm regulate the 
One strategy • ^v. 

expression of a gene associated "-"^ ^^^^^ 
neopiastic phenotype rn a c ■ 
turning off a srngle ^j^^i^ 
^.isense on r/gene expression 

.„,logues - ; .... SC.-. ,.5., 

(ZamecnrH et al . oligonucleotide 
,5:280-284) . neoplastic cell 

,,,,eted at a -^-^^ZT^ Z.r..r. only with the 
growth should specrfrcal ^ ^^^.^ of 

expression of that gene, result 
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cancer cell growth. The ability to specifically 
block or down-regulate expression of such genes 
provides a powerful tool to explore the molecular 
basis of normal growth regulation, as w^ll as the 
opportunity for therapeutic intervention (see, 
e.g. , Cho-Chung (1993) Curr, Opin. Thera. Patents 3:1737- 
1750) . The identification of genes that confer a 
growth advantage to neoplastic cells as well as 
other genes causally related to cancer and the 
understanding of the genetic mechanism ( s ) 
responsible for their activation makes the 
antisense approach to cancer treatment possible. 

One such Vene encodes the RI^, subunit of 
cyclic AMP ( CAMP) -dependent protein kinase A (PKA) 
(Krebs (1972) CUrr, Topics CelL ReguL 5:99-133) . 
Protein kinase inbound by cAMP, which is thought 
to have a role inVthe control of cell 
proliferation and differentiation (see, e.g., 
Cho- Chung (1980) 7. (Sy die Nucleotide Res. 6:163-167) . 
There are two types Oif PKA, type I (PKA- 1) and 
type II (PKA- II) , both of which share a common C 
subunit but each containing distinct R subunits, 
RI and RII, respectively (Beebe et al , in. The 
Enzymes: Control by Phosphorylation , 17(A) :43-lll 
(Academic, New York, 1986 X. The R subunit 
isoforms differ in tissue distribution (0yen et 
al. (1988) FEBSLett, 229:391-B94; Clegg et al . 
(1988) Proc, Natl. Acad. Sci, (USA) 85:3703-3707) and in 
biochemical properties (Beebe\et al . in Tfte Enzymes: 
Control by Phosphorylation, 17 (A) : 43-111 (Academic Press , 
NY, 1986); Cadd et al . (1990) J\BioL Chem. 



265:19502-195061 The two general isoforms of the 
R subunit also Affer in their subcellular 
localization: RI Vs found throughout the 
cytoplasm; wherea^RI localizes to nucler 
nucleoli, Golgi ap^ratus and the microtubule- 

fio^ ea Lohmann in ^rfvances m 
organizing center (^e, e.g., 

Cyclic Nucleotide and Protei\hosphorylation Research, 18 : 63-117 
(Raven, New York, 198^ and Nigg et al . (1985) 
Cell 41:1039-1051) . 

An increase in the level of RI. expression 
has been demonstrated in human cancer cell Ixnes 
and in primary tumors, as compared with normal 
counterparts, in cells after transformation wxth 

t-Y-ans forming growth factor- 
the Ki-ras oncogene or transroj.i a 

^- ,^=^-■;r^T^ of Cell growth with 
a and upon stimulation or cex y 

™>,aae colony-stimulating factor 
granulocyte-macrophage coxony 

(GM-CSF) or phorbol esters (Loh..ann in Advances 
Cyclic Nucleotide and Protein Phosphorylation Research, 18 : 63-117 

KT^,T voi-k 1984); and Cho- Chung (1990) 
(Raven, New YorK, x:?©-*/ , 

ry -70^-^-7100) Conversely, a decrease 

CancerRes. 50:709J /xuu; . 

in the e^re=sion of RI. ha. bean correlated wrth 
growth inhibition induced by site-selectrve c^P 
analogs in a broad spectrum of human cancer cell 
lines (Cho-Chung (1990, CancerKes. 50:7093-7100,. 
It has also been determined that the expression of 
RI/PKA-I and RII/PKA-II has an inverse 
relationship during ontogenic development and cell 
differentiation (I,ohmann ^r. Advance, in Cyclic Nucleotide 
ami Protein PhosphoiyUulon Research , vol. 18, 63-117 
(Raven, New York, 1984,, Cho-Chung (1990, Cancer 

Res. 50:7093-7100) . The RI, subunit of PKA has 
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thus been hypothesized to be an ontogen.c growth- 
inducing protein whose constitutive expression 
disrupts normal ontogenic processes, resulting xn 
a pathogenic outgrowth, such as malignancy 
(Nesterova et al . (1995) Nature Medicine 1:528-533). 

Antisense\ligonucleotides directed to the 
RI gene have be\n prepared. U.S. Patent No. 
5 271 941 describes phosphodiester- linked 
antisense oligonuc\eotides complementary to a 
region of the f irstXlOO N-terminal amino acids of 
RI which inhibit thk expression of RIa in 
leukemia cells in vitro Xnn addition, antisense 
phosphorothioate oligo^oxynucleotides 
corresponding to the N-^rminal 8-13 codons of the 
RI, gene was found to redVced in vivo tumor growth m 

^1- =i\ (1995) Nature Med. 
nude mice (Nesterova et al\ tiyy^J 

1:528-533) . 

unfortunately, problems have been encountered 
with the use of phosphodiester-linked (PO) 
oligonucleotides and some phosphorothioate-lmked 
(PS) oligonucleotides. It is known that nucleases 
in the serum readily degrade PO oligonucleotides. 
Replacement of the phosphodiester internucleotide 
linkages with phosphorothioate internucleotide 
linkages has been shown to stabilize 
oligonucleotides in cells, cell extracts, serum, 
and other nuc lease-containing solutions (see, 
e g Bacon et al . (1990) Biochem. Biophys. Meth. 
20:259) as well as invivo (Iversen (1993) Antisense 
Research and Application (Crooke, ed) CRC Press, .461). 
However, some PS oligonucleotides have been found 
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to exhibit an immunostimulatory response, which in 
certain cases may be undesirable. For example, 
Galbraith et al. Untisense Res. & De.. (1994) 4:201- 
206) disclose complement activation by some PS 
oligonucleotides. Henry et al . ^Pharm. Res. (1994) 
11: PPDM8082) disclose that some PS 
oligonucleotides may potentially interfere with 

blood clotting. 

There is, therefore, a need for modified 
oligonucleotides directed to cancer-related genes 
that retain gene expression inhibition properties 
while producing fewer side effects than 
conventional oligonucleotides. 

r;TT^7.PV OF THE TWENTION 

The present invention relates to modified 
oligonucleotides useful for studies of gene 
expression and for the antisense therapeutic 
approach. The invention provides modified 
oligonucleotides that down-regulate the expression 
of the RI„ gene while producing fewer side effects 
than conventional oligonucleotides. In 
particular, the invention provides modified 
oligonucleotides that demonstrate reduced 
mitogenicity, reduced activation of complement and 
reduced antithrombotic properties, relative to 
conventional oligonucleotides. 

It is also Imown that some PS 
oligonucleotides cause an immunostimulatory 
response in subjects to whom they have been 



acaministered, which may be undesirable in s 
cases . 



It is known that exclusively phospiiodiester- 
or exclusively phosphorothioate-linked 
oligonucleotides directed to the first 100 
nucleotides of the RI« nucleic acid inhibit cell 
proliferation . 

It has now been discovered that modified 
oligonucleotides complementary to the protein 
kinase A RI, subunit gene inhibit the growth of 
tumors in vivo with at least the activity of a 
comparable PO- or PS- linked oligonucleotide with 
fewer side effects. 

It has now further been discovered that 
modified oligonucleotides complementary to the 
protein kinase A RI^ subunit gene have a 
synergistic growth inhibitory effect with 
antibodies that bind to epidermal growth factor 
receptor (EGFR) or with various classes of 
cytotoxic drugs, including taxanes, platinum- 
derived agents, and topoisomerase Il-selective 
drugs . 

These findings have been exploited to produc 
the present invention, which in a first aspect, 
includes synthetic hybrid, inverted hybrid, and 
inverted chimeric oligonucleotides and 
compositions of matter for specifically down- 
regulating protein kinase A subunit RI^ gene 
expression with reduced side effects. Such 
inhibition of gene expression is useful as an 



alternative to mutant analysis for determining the 
biological function and role of protein kinase 
A-related genes in cell proliferation and tumor 
growth. such inhibition of RI. gene expression 
can also be used to therapeutically treat diseases 
and disorders that are caused by the over- 
expression or inappropriate expression of the 

gene . 

AS used herein, the term "synthetic 
oligonucleotide" includes chemically synthesized 

4---V Kn T-iT-f^f erablv from about 
polymers of three up to 50, prereraij y 

15 to about 30, and most preferably, 18 
ribonucleotide and/or deoxyribonucleotide monomers 
connected together or linked by at least one, and 
preferably more than one, 5' to 3 ' internucleot.de 
linkage . 

For purposes of the invention, the terms 
"Oligonucleotide sequence that is complementary to 
a genomic region or an RNA molecule transcribed 
therefrom" and "oligonucleotide complementary to" 
are intended to mean an oligonucleotide that bxnds 
to the target nucleic acid sequence under 
physiological conditions, e.g., by Watson-Crxck 
base pairing (interaction between oligonucleotxde 
and single-stranded nucleic acid) or by Hoogsteen 
base pairing (interaction between oligonucleotxde 
and double-stranded nucleic acid) or by any other 
means including in the case of a oligonucleotide 
binding to PNA, causing pseudoknot formation. 
Binding by Watson-Crick or Hoogsteen base paxrxng 
under physiological conditions is measured as a 



practical matter by observing interference with 
the function of the nucleic acid sequence. 

In one preferred embodiment accorcSing to this 
aspect of the invention, the oligonucleotide is a 
core region hybrid oligonucleotide compris:Lng a 
region of at least two deoxyribonuc leo tides , 
flanked by 5' and 3' ribonucleotide regions, each 
having at least four ribonucleotides. A hybrid 
oligonucleotide having the sequence set forth in 
the sequence Listing as SEQ ID NO: 4 is one 
particular embodiment. In some embodiments, 
each of the 3' and 5 ' flanking ribonucleotide 
regions of an oligonucleotide of the invention 
comprises at least four contiguous, 2 ' -O- 
substituted ribonucleotides. 

For purposes of the invention, the term •'2'- 
O-substituted" means substitution of the 2' 
position of the pentose moiety with an -O- lower 
alkyl group containing 1-6 saturated or 
unsaturated carbon atoms, or with an -O-aryl or 
allyl group having 2-6 carbon atoms, wherein such 
alkyl, aryl or allyl group may be unsubstituted or 
may be substituted, e.g., with halo, hydroxy, 
trifluoromethyl, cyano, nitro, acyl, acyloxy, 
alkoxy, carboxyl, carbalkoxyl, or amino groups; or 
with a hydroxy, an amino or a halo group, but not 
with a 2'-H group. 

in some embodiments, each of the 3' and 5 ' 
flanking ribonucleotide regions of an 
oligonucleotide of the invention comprises at 
least one 2 ' -0-alkyl substituted ribonucleotide. 
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In one preferred embodiment, the 2'-0-alkyl- 
substituted nucleotide is a 2 ' -O-methyl 
ribonucleotide. In other preferred embodiments, 
the 3' and 5' flanking ribonucleotide regions of 
5 an oligonucleotide of the invention comprises at 

least four 2 ' -O-methyl ribonucleotides. In 
preferred embodiments, the ribonucleotides and 
deoxyribonucleotides of the hybrid oligonucleotide 
are linked by phosphorothioate internucleotide 
10 linkages. m particular embodiments, this 

phosphorothioate region or regions have from about 
four to about 18 nucleosides joined to each other 
by 5' to 3' phosphorothioate linkages, and 
preferably from about 5 to about 18 such 
15 phosphorothioate-linked nucleosides. The 

phosphorothioate linkages may be mixed and 
enantiomers, or they may be stereoregular or 
substantially stereoregular in either Rp or 
form (see Iyer et al . (1995) Tetrahedron Asymmetry 
20 6:1051-1054) . 

in anotheApreferred embodiment according to 
this aspect of t\e invention, the oligonucleotide 
is an inverted hyi^id oligonucleotide comprising a 
region of at leastVour ribonucleotides flanked by 
3' and 5' deoxyriboAicleotide regions of at least 
two deoxyribonucleotides. The structure of this 
oligonucleotide is "inWted" relative to 
traditional hybrid dlig Vdeotides . In some 
embodiments, the 2 ' -0-sub\tituted RNA region has 
from about four to about t^. 2 ' -O-substituted 
nucleosides joined to each ^ther by 5 ' to 3 ' 
internucleoside linkages, and\most preferably from 
about four to about six such 2Vo-substituted 
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nucleosides. Ii\ some embodiments, the 
oligonucleotides\of the invention have a 

\ ■ ^^^-r-^^^ c^cz at least five 
ribonucleotide region comprises at xe 

contiguous ribonucleotides. m one particular ly 
preferred embodiment, the overall size of the 
inverted hybrid oligonucleotide is 18. In 

J- «-Vio -o- substituted 

preferred embodiments, the ^ u 

^ =^<=\i inked to each other through a 
ribonucleosides are imKea co 

5. to 3' phosphorothAoate, phosphorodithioate , 
phosphotriester, or pLsphodiester linkages. The 
phosphorothioate 3' or\ 5 ' flanking region (or 
regions) has from abouA f our to about 18 
nucleosides joined to ekch other by 5 ' to 3 ' 
phosphorothioate linkage^, and preferably from 
about 5 to about 18 such Phosphorothioate- linked 
nucleosides. In preferre^ embodiments, the 
phosphorothioate regions will have at least 5 
phosphorothioate-linked nucleosides. One specific 

embodiment is an oligonucleAti<ie having 

substantially the nucleotide\ sequence set forth in 

Tnohina as SEQ NO: 6. In preferred 
the Sequence Listing as s^v -^ik 

_ ^-F i-Viic; asoect of\the invention, the 
embodiments of this aspecu ^ » . ^ 

<=<a\ 2 ' -O-substitutea 
ribonucleotide region comprised 

ribonucleotides, such as 2'-0-Wl substituted 
ribonucleotides. One particularly prefe..red 
embodiment is a hybrid oligonucleotide whose 

At. lea.st one z -u 

ribonucleotide region comprise 
methyl ribonucleotide. 

in some embod\ments, all of the nucleotides 
in the inverted hybVid oligonucleotide are linked 
by phosphorothioate Vnternucleotide linkages. In 
particular embodimen^, the deoxyribonucleotide 
flanking region or regions has from about four to 



a^out 18 nu=lao\ide. doined to each other by 5 to 
3. phosphorothlV* linkages, and preferably from 
about 5 to aboutVs such phosphorothioate-lrnKed 
nucleosides. In s\me embodiments, the 

i-'^A-:!' P*nd 5' flanking regions ot 
deoxyribonucleotide\3 and 5 rJ- 

the hybrid oli.onucl\otides of the .nventron have 

about 5 phosphorothioVte-linked nucleosides . The 

, ■ ^ n ; ,-,VaVf«=c; mav be mixed Rp ana 
phosphorothioate linka^ges may -p 

enantiomers, or they maV be stereoregular or 
substantially stereoreg\lar in either R, or 

^f- ^^ (I9v95) Tetrahedron Asymmetry 
form (see Iyer et al - ^xy^o^ 

6:1051-1054) . 

Another embodiment is a composition of matter 
for inhibiting the expression of protein kinase A 
subunit RI„ with reduced side effects, the 
composition comprising an inverted hybrxd 
oligonucleotide according to the invention. 

Yet another preferred embodiment according to 
this aspect of the invention is an inverted 
chimeric oligonucleotide comprising an 
oligonucleotide nonionic region of at least four 
Nucleotides flanked by one or more, and preferably 
two oligonucleotide phosphorothioate regxons . 
such a chimeric oligonucleotide has a structure 
that is "inverted" relative to traditional 
chimeric oligonucleotides. In one particular 
embodiment, an inverted chimeric oligonucleotide 
of the invention has substantially the nucleotide 
sec^ence set forth in the Sequence Listing as SEQ 
IDNO:l. in preferred embodiments, the 
oligonucleotide nonionic region comprises about 
four to about 12 nucleotides joined to each other 
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by 5' to 3' nonionic linkages. In some 

. J- t-Vie nonionic region o^ii^ 

embodiments, cne h^ji^-'- ^^^q/o-r 

particular emboaim^nt, the ol.gonuoleotide 
Cionic region conprises six nucleotrdes^ In 
:o„e preferred e„0.oai.ents , the "^-^-^^f^^f 
has a nonionic region having from about six to 

nas ci li-wi i-inVfi^d nucleosiaes, 

about eight -ethylphosphonate-lxnked nu 

•-v,^r- <::ide bv phosphorothioate 
flanked on either side by P 

regions, each having from about six to a 

phosphorothioate-linked nucleosides. ^-^^^^ 

I- the flanking region or regions are 

embodiments, tne xxaiirv 

phosphorothioate nucleotides. m some 

flanking region or regions have 
embodiments, the flanking y -joined to 

,v,rMi<- 24 nucleosides joined 
from about four to about 24 nu n.^v^iaes 
^ V. ^' to 3' phosphorothioate linkages, 
each other by 5 to 3 P P ^^^^ 

and preferably from about six to ^^^ferred 
pl^osphorothioate-linked nucleosides. ^^^^ 

:^odiments, the P^^-— ^^^^^^^^^r^Lre 

from about five to about 15 ;j^;/;;ri..ages 

• The ohosphorothioate iixir.«y 

linked nucleosides. The p P 

• ^ p and S enantiomers, or ttiey may 
mav be mixed Rp ana -in 

v,=<-;:,r.t-iallY stereoregular m 
stereoregular or substantially 

c for-m (see Iyer et al . ixyyaj 
either Rp or Sp form ^see 

Tetrahedron Asymmetry 6:1051-1054). 

Another embodiment of this aspect of the 
invention is a composition of matter for 
inhibiting the expression of protem kinase 
subunit RI„ with reduced side effects, the 
composition comprising an inverted chimeric 
Oligonucleotide according to the invention. 
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^ • is a method 
^ i-He invent xon is ct 

«>other aspect °' „,cer cells in 

l„.l.l.in. ..e P.°l.- 

» ^^^^ "^^''"t^'a to tne cells, 
invention is 

^t- is a therapeutic 
,et another aspect ^,,,„..cleotiae o£ the 

—"^°";nra-aceutlcallV acceptable 
invention m a pna 
carrier . 

' t 

. method o. t.eatln, --"^/"n^r; 
subject with reduced SI ^^^^^^ corrprises 

aspect of the 1"-^""°";^^.^ co™.osition of the 
aa.iniste.ing a ^^-"^^^^ the protein 

invention to the subject „,„-expressed. 

kinase subunlt RI. 9^"- 

the invention provides 
in yet another ;^,£^„tion of cancer 

a method for inhibitrng prol. 

cells comprising-. ^^^.^ a first agent 

,a) adBinisterrng .^.^^ oligonucleotide 

con^rising a ^-hthe^- ; ^"^^^ aown-regulating 
con^lementary to, = ^ ^ encoding protexn 

.He expression o£. oiigonucleotrde 
kinase . 30 nucleotides and 

V^aving from ^^^'J^ ^,^>,,id, or inverted 

chimeric °^i^°"'"='-"°"tieotide comprising a 
the hybrid ""^^t^.ii^onucleotides, 
region of at least ™ ^.^^ ribonucleotide 
flanked by 3 ■ and 5' £ ^^^^ ribonucleotides, 

regions "Ch -v^ng oligonucleotide 

rfsU a -toJof at least four 
comprising » 
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ribonucleotides flanked by 3 ' and 5 ' flanking 
deoxyribonucleotide regions of at least two 
deoxyribonucleotides , 

and the inverted chimeric oligonucleotide 
comprising an oligonucleotide nonionic region of 
at least four nucleotides flanked by two 
oligonucleotide phosphorothioate regions; and 
(b) administering to the cells a second 
agent comprising an antibody that binds to 
epidermal growth factor receptor (EGFR) or a 
cytotoxic agent selected from the group consisting 
of taxanes, platinum-derived agents, and 
topoisomerasell-selective drugs ; 

wherein the administering steps may be 
performed simultaneously or sequentially in any 
order , 

in yet another aspect, the invention provides 
a pharmaceutical composition comprising: 

(a) a first agent comprising a synthetic, 
modified oligonucleotide complementary to, and 
capable of down-regulating the expression of, 
nucleic acid encoding protein kinase A subunit 
Ria, the modified oligonucleotide having from 
about 15 to about 30 nucleotides and being a 
hybrid, inverted hybrid, or inverted chimeric 

oligonucleotide, 

the hybrid oligonucleotide comprising a 
region of at least two deoxyribonucleotides, 
flanked by 3 ' and 5 ' flanking ribonucleotide 
regions each having at least four ribonucleotides, 

the inverted hybrid oligonucleotide 
comprising a region of at least four 
ribonucleotides flanked by 3 ' and 5 ' flanking 



deoxyribonucleotide regions of at least two 
deoxyribonucleotides , 

and the inverted chimeric oligonucleotide 
comprising an oligonucleotide nonionic region of 
at least four nucleotides flanked by two 
oligonucleotide phosphorothioate regions; and 

(b) a second agent comprising an antibody 
that binds to epidermal growth factor receptor 
(EGFR) or a cytotoxic agent selected from the 
group consisting of taxanes, platinum-derived 
agents, and topoisomerasell-selective drugs. 

in still yet another aspect, the invention 
provides a method for treating cancer in an 
afflicted subject comprising: 

(a) administering to the cells a first agent 
comprising a synthetic, modified oligonucleotide 
complementary to, and capable of down-regulatmg 
the expression of, nucleic acid encoding protein 
kinase A subunit RIa, the modified oligonucleotide 
having from about 15 to about 3 0 nucleotides and 
being a hybrid, inverted hybrid, or inverted 
chimeric oligonucleotide, 

the hybrid oligonucleotide comprising a 
region of at least two deoxyribonucleotides, 
flanked by 3 ' and 5 ' flanking ribonucleotide 

^t- ^c»^»c^^ four ribonucleotides, 
regions each having at least rour 

the inverted hybrid oligonucleotide 
comprising a region of at least four 
ribonucleotides flanked by 3 ' and 5 ' flanking 
deoxyribonucleotide regions of at least two 
deoxyribonucleotides , 

and the inverted chimeric oligonucleotide 
comprising an oligonucleotide nonionic region of 



10 



at least four nucleotides flanked by two 
oligonucleotide phosphorothioate regxons; and 
(b) administering to the cells a second 
agent comprising an antibody that binds to 

-v, 4:=^t-oT- receptor (EGFR) or a 
epidermal growth factor recepu 

. • ^rr^r^t selected from the group consisting 
cytotoxic agent seiect-w-i 

of taxanes, platinum-derived agents, and 
topoisomerasell-selective drugs; 

wherein the administering steps may be 
performed simultaneously or sequentially in any 

order . 
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\ . , -. • ar-t- will recognize that 

Those skilled in the art win 

the elements \f these preferred embodiments can be 
combined and tke inventor does contemplate such 
combination. F\r example, 2 ' -0-substituted 
ribonucleotide Agions may well include from one 
to all nonionic i\ternucleoside linkages. 

■ -, ^^Aonic regions may have from one 
Alternatively, nonioi^^^ regioi 

to all 2'-0-substit\ited ribonucleotides. 
Moreover, oligonucleotides according to the 
invention may contai A combinations of one or more 
2'-0-substituted ribonucleotide region and one or 
.ore nonionic region, \ither or both being flanked 
by phosphorothioate regWs . (See Nucleosuies & 
Nucleotides 14:1031-1035 (1^5) for relevant 
synthetic techniques. 
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The foregoing and other objects of the 
present invention, the various features thereof , 
as well as the invention itself may be more fully 
understood from the following description, when 
read together with the accompanying drawings in 
which: 

FIG. 1 is a graphic representation showing 
the effect of modified oligonucleotides of the 
invention on tumor size in a mouse relative to 
various controls . 

FIG. 2 is a graphic representation showing 
the effect of HYB 165 with docetaxel and 
monoclonal antibody MAb C225 on the growth of 
ZR75-1 h\iman breast cancer cells. 

FIG. 3 is a graphic representation showing 
the effect of HYB 508 with docetaxel and 
monoclonal anitbody MAb C225 on the growth of 
ZR75-1 human breast cancer cells. 

FIG. 4 is a graphic representation showing 
the effect of HYB 165 with or without paqlitaxel 
on the growth of geo human colon cancer cells. 

FIG. 5 is a graphic representation showing 
the effect of HYB 165 and its control HYB 508 on 
the growth of 1A9PTX22 human ovarian cancer cells 
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FIG. 6 is a graphic representation showing 
the effect of HYB 165 and its control HYB 508 on 
the growth of 1A9PTX10 human ovarian cancer cells. 

FIG. 7 is a graphic representation showing 
the effect of HYB 165 and its control HYB 508 on 
the growth of 1A9 human ovarian cancer cells. 

FIG, 8 is a graphic representation showing 
the effect of HYB 508 with or without monoclonal 
antibody MAb C225 on the growth of ZR7 5-1 human 
breast cancer cells . 

FIG. 9 is a graphic representation showing 
the effect of HYB 165 and HYB 618 on the growth of 
OVCAR-3 ovarian cancer cells. 

FIG, 10 is a graphic representation showing 
the effect of HYB 165 with or without docetaxel on 
the growth of ZR75-1 human breast cancer cells, 

FIG. 11 is a graphic representation showing 
the effect of HYB 508 with or without docetaxel on 
the growth of ZR75-1 human breast cancer cells. 

FIG. 12 is a graphic representation showing 
the effect of HYB 165 with or without monoclonal 
antibody MAb C22 5 on the growth of ZR75-1 human 
breast cancer cells. 

FIG. 13 is a graphic representation showing 
the effect of HYB 165 and HYB 295 on the growth of 
ZR75-1 human breast cancer cells. 



FIG . 14 is a graphic representation showing 
the effect of HYB 165 and HYB 508 on the growth of 
ZR75-1 human breast cancer cells* 



FIG, 15 is a graphic representation showing 
the effect of HYB 165 and HYB 295 on the growth of 
geo colon cancer cells . 

FIG . 16A is a graphic representation of data 
showing that the hybrid MBO antisense RI« inhibits 
tumor growth after i.p. administration. 

FIG. 16B is a graphic representation of data 
showing that the hybrid MBO antisense RI« inhibits 
tumor growth after oral administration. 

FIG. 17A is a graphic representation of data 
showing that oral hybrid MBO antisense RI«^ 
cooperatively inhibits tumor growth with taxol . 

FIG. 17B is a graphic representation of data 
showing that oral hybrid MBO antisense RI« 
cooperatively increases survival in combination 
with taxol. 



FIG. 18 is a tabular representation of 
histochemical analysis of GEO tumors following 
treatment with taxol and/or different oral MBOs 
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mTQrPTPTTnN OF THT^- PBEFEPT^KD EMBODIMENT 



10 



■ U 



15 




20 



25 



The patent and scientific literature referred 
to herein establishes the knowledge that is 
available to those with skill in the art. The 
issued U.S. patents, allowed applications, 
published foreign applications, and references 
cited herein are hereby incorporated by reference. 

Synthetic oligonucleotides of the hybrid, 
inverted hybrid, and inverted chimeric 
oligonucleotides as described above. 

Such synthetic hybrid, inverted hybrid, and 
inverted chimei^c oligonucleotides of the 
invention have i nucleotide sequence complementary 
to a genomic regaSon or an RNA molecule transcribed 
therefore encoding the RI. subunit of PKA. These 
oligonucleotides ar^ about 15 to about 3 0 
nucleotides in length, preferably about 15 to 2 5 
nucleotides in lengtl^ but most preferably, are 
about 18 nucleotides Wg. The sequence of this 
gene is known. Thus, ^ oligonucleotide of the 
invention can have any riucleotide sequence 
complementary to any region of the gene. Three 
non-limiting examples of ^ ISmer of the invention 
has the sequence set forth ^elow in TABLE 1 as SEQ 
ID NOS : 1 , 4 , and 6 . 
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TABLE 1 



^45 a 



3 



Oligo # 

164 
167 

188 



165 



168 



166 



169 



189 



190 



191 



Se cTuence ( 5 ' - 3 ' ) 
GCG TGC CTC CTC ACT GGC 
GCG CGC CTC CTC GCT GGC 

GCA TGC TTC CAC ACA GGC 



* * * * 



* * * * 



* * * * 



* * * 



GCG CGC CTC CTC GCU GGC 

* * * * * 

GCG TGC cue cue ACT GGC 
GCG CGC cue cue GCT GGC 

* ★ * * * 

GCA TGC AUC CGC ACA GGC 

GCG TGC CTC CTC ACT GGC 
GCG CGC CTC CTC GCT GGC 



Type 

Control 

Mismatched 
Control 

Mi sma tolled 
Control 



GCG UGC CTC CTC ACU GGC Hybrid 



SEQ ID 
NO: 



Mismatched 
Hybrid (Control) 

Inverted Hybrid 

Mismatched 
Inverted Hybrid 
(Control) 

Mismatched 
Inverted Hybrid 
(Control) 

Inverted Chimeric 

Mismatched 
Inverted Chimeric 

(Control) 



1 

2 



7 



8 



X = mismatched bases 
* ribonucleotide 

thylphosphonate nucleotide 



me 



Oligonucleotides having greater than 18 
oligonucleotides are also contemplated by the 
invention. These oligonucleotides have up to 
additional nucleotides extending from the 3', or 
5' terminus, or from both the 3' and 5 ' termxnx 
of for example, the 18mer with SEQ ID N0S:1, 4, 
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or 6, without diminishing the ability of these 
oligonucleotides to down regulate RI„ gene 
expression. Alternatively, other oligonucleotides 
of the invention may have fewer nucleotides than, 
for example, oligonucleotides having SEQ ID NOS:l, 
4 or 6 such shortened oligonucleotides maintain 
at least the antisense activity of the parent 
oligonucleotide to down-regulate the expression of 
the RI„ gene, or have greater activity. 

The oligonucleotides of the invention can be 
prepared by art recognized methods. 
Oligonucleotides with phosphorothioate linkages 
can be prepared manually or by an automated 
synthesizer and then processed using methods well 
known in the field such as phosphoramidite 

1 ^t- =.1 (1992) Trends Biotechnol. 
(reviewed in Agrawal et al . Ki-"^^^) 

10:152-158, see, e.g. . Agrawal et al . (1988) Proc. Natl 
Acad.Sci. (USA) 85:7079-7083) or H-phosphonate isee, 
eg., Froehler (1986) Tetrahedron Lett. 27:5575-5578) 
chemistry. The synthetic methods described in 
Bergot et al . (J. Chromatog. (1992) 559:35-42) can 
also be used. Examples of other chemical groups 
include alkylphosphonates, phosphorodithioates , 
alkylphosphonothioates, phosphoramidates ,. 2 ' -O- 
methyls, carbamates, acetamidate, carboxymethyl 
esters, carbonates, and phosphate triesters. 
Oligonucleotides with these linkages can be 
prepared according to known methods (see, e.g. , 
Goodchild (1990) Bioconjugate Chem. 2:165-187; Agrawal 
et al. (Proc. Natl. Acad. Sci. (USA) (1988) 85:7079- 
7083); Uhlmann et al . (Chem. Rev. (1990) 90:534-583; 
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and Agrawal et al . (Trends Biotechnol (1992) 10:152- 
158) ) . 

preferred hybrid, inverted hybrid, and 
inverted chimeric oligonucleotides of the 
invention may have other modifications which do 
not substantially affect their ability to 
specifically down-regulate RI„ gene expression. 
These modifications include those which are 
internal or are at the end(s) of the 
oligonucleotide molecule and include additions to 
the molecule at the internucleoside phosphate 
linkages, such as cholesteryl or diamine compounds 
with varying numbers of carbon residues between 
the two amino groups, and terminal ribose, 
deoxyribose and phosphate modifications whxch 
cleave, or crosslink to the opposite chains or to 
associated enzymes or other proteins which bind to 
the RI nucleic acid. Examples of such 
oligonucleotides include those with a modified 
base and/or sugar such as arabinose instead of 
ribose, or a 3', 5 ' -substituted oligonucleotide 
having a sugar which, at one or both its 3' and 5 ' 

^= «t-i-Piched to a chemical group other 
positions IS atcacneti \,yj » 

than a hydroxyl or phosphate group (at its 3' or 
5' position). Other modified oligonucleotides are 
capped with a nuclease resistance-conferring bulky 
substituent at their 3' and/or 5' end(s) , or have 
a substitution in one or both nonbridging oxygens 
per nucleotide. Such modifications can be at some 
or all of the internucleoside linkages, as well as 
at either or both ends of the oligonucleotide 
and/or in the interior of the molecule (reviewed 
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in Agrawal et a 
158) . 



1. (1992) Trends Biotechnol. 10:152 



The inven^on also provides therapeutic 
compositions suitable for treating undesirable, 
uncontrolled cel\ proliferation or cancer compr.se 

-, • \ ^i^^^-iHci in accordance with 
at least one oligApucleotiae in <i'~^ 

the invention, capable of specifically down- 
regulating expressi\ of the RI„ gene, and a 
pharmaceutically accLtable carrier or diluent. 
It is preferred that L oligonucleotide used m 
the therapeutic composition of the invention be 

^f- 1 »;:*V!i- a Dortion of the RIq 
complementary to at least a pu 

• rre^nf^ oA RNA transcript thereot. 
genomic region, gene, oj.\r^^^ 

AS used heVein, a "pharmaceutically or 
physiologicallyUcceptable carrier" includes any 
and all solvents\ ( including but limited to 
lactose), disperkon media, coatings, 
antibacterial and\anti fungal agents, isotonic and 
absorption delay i^ agents and the like. The use 
of such media and ^ents for pharmaceutically 
active substances i\well known in the art. 
Except insofar as an\ conventional media or agent 
is incompatible with W active ingredient, its 
use in the therapeuticXcompositions of the 
invention is contemplated. Supplementary active 
ingredients can also be ^corporated into the 
compositions . 

several preferred therapeutic composition of 
^\'^the invention suitable for inhibiting cell 

proliferation in vitro o\invivo or for treating 
cancer in humans in ac\ordance with the methods o 




.Ke invention ccpVises about 25 to .5 of a 
lyophilizaa oligon^leotide,.) hav.n. SEQ IB 

^ 90-75 ma lactose, USP, 

HOS:l, 4, and/or 6 ^^J^ 
which is reconstituted with sterixe 
which IS r A effective dosages described 

to the therapeutically etrecci 

herein . 

-h^T Vsoect, the invention provides 

In another aspecu, ^^f-i^^d 

cStipositions comprising a modified 
pharmaceutical coroposii-x x^-„=.4-non 

.-^ ^At-he invention in combination 
olicionucleotide of\the mvei 

^A*. Kir.r?=; to epidermal growth 
with an antibody thkt binds to ep 

ivrv^) or a cytotoxic agent, 
factor receptor (EGFR) or a y 

V^r,t-c- include, without 
preferred cytotoxic aWts mclua , 

■ ^^^anes p\atinum-derived agents, ana 

limitation, taxanes, 

topoisomeras ll-selecti^ drugs. 

The invention also provides methods for 

,^4=^T--ina from disorders or 
t-r eating humans suffering rroi 

treating incorrectly or 

diseases wherein ^ ^^^^ ,,,3.3e that 

over-expressed^ Su^^ ^^^^ ^^^^^^,3 

could be treated using t ^^^^ 

forming cancers such as, but 

colon carcinoma, breast carcinoma, gastric 

.nd neuroblastoma. In the method of 

carcinoma, and neuroD effective amount 

the invention, a therapeu ^^^^ mistered 

• ^ • r.-F 1-he invention is administered 

:: rz::"^:: rt.oa. o. t„at.ent ac=o.ain. 

^•^r. niav be administered m 
to the invention, may 

• 1-1^ ^i-v.^r- therapeutic agents . 
conjunction with other tneray 



thods 



v.^n nref erred embodiments, the met 
In certain prei-cj.-i-'^ 

j-^rr ho the invention comprise 
of treatment according to tne i 

a) administering a first agent comprising a 

synthetic, modified oligonucleotide complementary 



10 



t 



15 



20 



25 



30 



H ..nable of down- regulating the expression 
to, and capable or *a i^^nase A subunit 

of, nucleic acid encoding protexn kxnase A 

Kla according to the invention; 
administering a second agent compr.s.ng an 
antibody that binds to epidermal ^--^ 
receptor (EGFR) or a cytotoxxc agent selected 
receptor ' taxanes, platinum-derxved 

the group consisting g^^ective drugs. In 

agents, and topoisomerasell-selectx 
some preferred embodiments according to this 

aspect of the invention, the two agents are 
aspect ui- «-^:^rtain preferred 

a*ninisterad simultaneously. In ^ 
en^odi-uents. the second a^ent .s aam.n.st.red 
« administration of the £.rst aaent . 

xn certain preferred enO^odiments the second 
■ , faxane including but not limited to 
agent is a p^ferably, paclitaxel 

paclitaxel 3OO mg/mVdose 

IS .fjr to 24 hour 

by intravenous infusion 

^- _> niven at a frequency ol every 
rt::: ' ^rerera^ly, docetaxel is administered in 
doses of UP to 300 n^/mVdose by intravenous 
infusion (1 hour to 24 hour duration), given 
frequency c£ every 21 days or less. 

in certain other preferred embodiments, the 
second agent is an antibody that -^nds " 

epidermal growth preferably 
antibody is a monoclonal antioo y, 
a LanLed monoclonal antibody. - certain 
preferred embodiments, the monoclonal antibody 
ml (N.X. Goldstein et al . , Clin. Cancer Res., 
1(11) -1311-8 (1995). preferably, C225 is 
^ . ^ . of uo to 500 mg/mVdose by 

administered m doses of up to 
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. n • MO minutes to 24 hour 
intravenous infusion (10 mmuct;^ 

^4- ^ f r-e:-cruencv of every 28 days 
duration) , given at a trequency 



or less 



in prefer^d embodiments according to this 
aspect of the iLention, the first agent is a 
synthetic modified oligonucletotide having a 

i^™nAeotide has a nucleotide sequence 
sequence oligonucJXeouiue no 

•oi-^r^rr ^^ssentikllv of the nucleotide sequence 

consisting essentxotJ.-i.jr 

set forth in SEQ Id\ NO : 4 . Preferably, the 
oligonucleotide is aWinister at a dose of up ot 
540 mg/mVdose by intVavenous infusion (2 hours to 

J •--i^r, r.A uD to 1,050 mg/mVday by 
21 days in duration oi\ up j-, 

oral or rectal administration. 

AS used herein, the term "therapeutically 
effective amount" means the total amount of each 
active component of the pharmaceutical formulation 
or method that is sufficient to show a meaningful 
subject or patient benefit, i.e., a reduction in 
tumor growth or in the expression of proteins 
which cause or characterize the cancer. When 
applied to an individual active ingredient, 
administered alone, the term refers to that 
ingredient alone. When applied to a combination, 
the term refers to combined amounts of the active 
ingredients that result in the therapeutic effect, 
whether administered in combination, serially or 
simultaneously , 

A "therapeutically effective manner" refers 
to a route, duratioV and frequency of 
administration of th\ pharmaceutical formulation 
which ultimately resuVts in meaningful patient 



-28- 




benefit, as des^ibed above. In some embodiments 
of the inventionX the pharmaceutical formulation 
is administered vVa injection, sublingually , 
rectallY, intradeAaally, orally, or enterally xn 
bolus, continuous, Untermittent, or continuous, 
followed by intermittent regimens. 

The therapeutically effective amount of 
synthetic oligonucleotide in the pharmaceutical 
composition of\the present invention will depend 
upon the natureXand severity of the condition 
being treated, aW on the nature of prior 
treatments which Vhe patent has undergone. 
Ultimately, the attending physician will decide 
the amount of synthetic oligonucleotide with which 
to treat each individual patient. Initially, the 
_ttending physician Vill administer low doses of 
the synthetic oligonucleotide and observe the 
patient's response. Larger doses of synthetic 
oligonucleotide may be Administered until the 
optimal therapeutic eff^t is obtained for the 
patient, and at that poiAt the dosage is not 
increased further. It isVontemplated that the 
dosages of the pharmaceuti^l compositions 
administered in the method \t the present 
invention should contain aboU 0.1 to 5.0. mg/kg 
body weight per day, and prefWably 0.1 to 2.0 
mg/kg body weight per day. Wh^ administered 
systemically, the therapeutic exposition is 
preferably administered at a sufkcient dosage to 
attain a blood level of oligonucleotide from about 
0 01 fJM to about 10 MM. PreferablyX the 
concentration of oligonucleotide at Vhe site of 
aberrant gene expression should be fo^m about 0.01 



\ ^-F^T-ablY from about 

\ ^ most prereraoJ-^ 

to about 10 v. ana .os J^^^ ^ , 

0.05 .M to a^-V;^ concentrations tlxan 

adxainistratxon, ^^^^ ^.^^33, 

.^is may be ef fecUve, ^^^^^^^^^ 
concentrations may\b ^^^^^^^.ously or 

desirable to \ Really effective amount of 

33^entially a ^-^V^^^^^^ compositions of t.e 
one or more of -^^J^^ as a single treatment 
invention when xndxvxdV^ 




0 



episode . 



\ ,^^ral compositions 

accordance ca„ be carried out 
^ f= 1-Vie Wesent mvent-x 
method of \ ^^^^,,,ional ways, such as by 

a varrety of\con ^^^^^^^ transdermal 

ingestion, ^'^^^^^ Yj^^^^tion. sublingual 
administrati-on, ria subcutaneous, 
administration, oAcutaneo ' or 

intramuscular, mtr^ ^^^^^ ^^^^e of 

intravenous injectxoV, o administrating 
administration lo^own W 



therapeutic agents. 



•s to be administered 
When the composition x . ^j^^.able 

orally, -blingually- or J^^^^^^^^ preferably 
.cute, the -^--f;;^^;^^ acceptable carrier, such 
include a P^^-°^°f assimilable edible 

•^^T-i- diluent or an 

^3„,er wxt Eormulat.ons that 

adn-lnistered. sui excipients for 

pbar^ceuticaixy ^xoodstrea. by other 

introducing cot<l>ounds ^^^^^ femingK-n'^ 

than iniaction routes can 

mr«a««<ica(Sd«.c«a8thed.) 



Mack publishing co^, ingredients may be 

.Ugonucleotiaa and other ^^^^.^ 

enclosed in a '^"^ incorporated directly 

compressed into ^e therapeutic 

into the individual ^ „i,» excipients 

compositions may be -J^" .^^e tablets, buccal 

and used in '^l^J^::, elixirs, suspensions, 

tablets, troches, cap 

.^.ups, wafers, and the 1^ ^_^.^.^^,,ed orally, 
therapeutic forms and 

be mixed wrth ^.^^^^ enhancers. 

..armaceutically accep^;^^^^^,^„ administered 
^en the therapeutic ^^^^ i„ a solid, 

enterally, they may be rn^ ^^^^ 

3e„i-solid, • „^er of «ell-Hn°v-. 

be compounded with additives . Sustained 

p^armaceutically a=«P-a^ enteric 

release oral <i«l^'"=''^/':„. ^„red dosage forms are 
,i„„s for orally administere u.s. 
coatings ^ . ^v. as tbose descrx^ 

ei.o conten^lated such - ,,309,404, and 

patent «os. 4,704,295, 4,5 
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4,309,406 



effective amount of 
When a tlxerapeutxcaliy • ^^ered by 

4= invention is ct 

,e:„position o£ "^^^^ ^ oligonucleotide will 

infection, -^^^f'^X^ of a Pyrog-f ree , ^ 
preferably be in the ^^^^ ^_^^^^,„„ . The 

parenterally-aoceP"^^*^ ^^^,,^.ecceptable 
preparation of such pare i^^.^nicity, 
solutions, having due reg ^^^^^^ ^^.^^ „ 
stability, and the ^^'^^j^ e.tical composition 

,,e art. . P-'-f//^/^^, in addition to the 
£or injection should cont ^^^^^^.^ 
synthetic oligonucleotide. 
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such as sodium Chloride Injection, Ringer - 
injection. Dextrose Injection, Dextrose and Sodrum 
Chloride injection, Lactated Ringer's Injection, 
or other vehicle as known in the art. The 
pharmaceutical composition of the present 
invention may also contain stabilizers, 
preservatives, buffers, antioxidants, or other 
additives known to those of skill in the art. 

The phaAnaceutical forms suitable for 
injectable us\ include sterile aqueous solutions 
or dispersionsVand sterile powders for the 
extemporaneous Reparation of sterile injectable 
solutions or dis^rsions. In all cases the form 
n.ust be sterile. \t must be stable under the 
conditions of manufacture and storage and may be 
preserved against thkcontaminating action of 

•^,T,= .^uch ^ bacterial and fungi. The 
microorganisms, sucn as i-'o>- 

carrier can be a solvenV or dispersion medium. 
The prevention of the ac\ion of microorganisms can 
be brought about by vario^^ antibacterial and 
antifungal agents. Prolon^d absorption of the 
injectable therapeutic agent\ can be brought about 
by the use of the composition^ of agents delaying 
absorption. Sterile injectabl^ solutions are 
prepared by incorporating the oVigonucleotide m 
the required amount in the appreciate solvent, 
followed by filtered sterilizati^ 

The pharmaceutical formulation can be 
administered in bolus, continuous, or intermittent 
dosages, or in a corrO^ination of continuous and 
intermittent dosages, as determined by the 
physician and the degree and/or stage of illness 
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o£ the Patient. Th. duration o£ th.rapy us.ng the 
pharmaceutical composition of the P«-"' 
invention will vary, depending on the un.^e 

■ --^o nf the oligonucleotide and the 
characterxstics ot tne oxxy 

particular therapeutic effect to be achieved, the 
limitations inherent in the art of preparing .u=h 
a therapeutic formulation for the °^ 
humans, the severity of the disease berng treated 

and the condition and P°--^^\ -f^-rtt^tely 
response of each individual patrent. Ultimately 

the attending physician will dec.de on the 
appropriate duration of intravenous therapy usrng 
Z pLrmaceutical con^osition of the present 
invention. 

• • ^ ^-F 1-He invention are useful for 
Compositions of the invei 

inhibiting or reducing the proliferation of cancer 
or tumor cells in .Uro . A synthetic oligonuc eotrde 

^^r^-j-ni citered to the cells in 
of the invention is administerea .v^e 

amount sufficient to enable the binding of the 
oligonucleotide to a complementary genomic region 

. transcribed therefrom encoding the 

or RNA molecule transcrio 

RI subunit. in this way, expression of PKA 
decreased, thus inhibiting or reducing cell 

proliferation. 

compositions of the invention are also useful 
for treating cancer or uncontrolled cell 
proliferation in humans. In this method a 
therapeutic formulation including an antrsense 
oligoLcleotide of the invention is provrded .n a 
Physiologically acceptable carrier. The 

individual is then treated with the -''e"P-"= 
formulation in an amount sufficient to enable the 



binding o£ the oligonucleotide to the PKA BI. 
genor.i= region or FMA molecule 

therefrom in the infected cells . In th.s way^the 
bindin. Of the oligonucleotide ^^^^J^^, 
regulates RT. expression and hence cn 



PKA. 



in practicing the method of treatment or use 
of the present invention, a therapeutically 
effective amount of at least one or more 

Mie invention is 
therapeutic compositions o£ the i 

administered to a subject afflicted with » 
» anticancer response showing a decrease in tumor 
growth or size or a decrease in RI. ^ 
considered to be a positive indication of the 
ability of the method and pharmaceutical 

• v,-v.iv or reduce cell growth and 
formulation to inhibit or reduce 

thus , to treat cancer in humans . 

At least oL therapeutic con4>csition of the 
invention may beWnistered in accordance with 
the method of the\invention either J - 

combination with oVher known therapies for cancer 
such as cisplatin, Varboplatin, P-=^^"'=°^' 
tamoxifen, taxol, iXerferon a and doxorubicin. 
When co-administered \ith one or more other 

V-ir^r«c! of the invention may 
therapies, the compositions of the 

be administered either Wmultaneously with the 

other treatment{s), or sWentially. If 

the attending physician 
administered sequentially\ the au 

will decide on the approprVate sequence of 
administering the compositiys of the invention m 
combination with the other tV^apy- 



The following exaa™.les ^""^^^ 
^ „f making and practicing the 
preferred mode, of mal^i 9 ^^^^ ^.^^^ the 

,„sent invention^^^^^ since alternative method. 
r:e"tuLed to obtain similar re.nlts . 

EXAMPLE 1 

^•^r, and purification 
synthesis, ^eprotectx^^J^^^^^ _ 

0U.onucieotiaes 

,3.3) ----- Bea.o.a, H.) 
synthesizer ^^^^^'^^^^^^ ' ^^^sphoraxnidate approach, 
using a beta-cyanoethyl pn 

Meotide phosphorothioates were 
Oligonucleotide P synthesizer 

synthesized -^^J^ ^ ^^^,,,^1, M.) using a beta- 
(Model 8700, approach on a 10 

cyanoethyl P^°-P^°"^^^"'' ,f phosphorothioate 

^^aifa To generate uiic f 
micromole scale- phosphite linkage 

linkages, the intermediate P P ^^.^^ 

Obtained .^^ JjrnlH-aio.ide (see 

" OHonucUoMes ^ Ana.,: Sy..sis 

/ H ^ (1993) Humana Press, 
^.P..,e..., ^^^7'^^ Similar synthesis was 
Totowa, NJ, pp. phosphodiester linkages, 

^^^"ft::: oxidation was camed out 

except that ^ ^ reagent. Synthesis of 

using standard lodme re ^. carried out 

inverted chimeric ^ nxethylphosphonate 

in the same manner, excep ^^^^^^^giae 

assembled using nucleoside 
linkages were assemb sterling, 
methylphosphonamidite ic.i 
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15 



20 



. 0 1 M iodine in 
^ v.^ oxidation wici ,tc.25-0.25) 
VM, followed W ° .^,„,,„,ter 
,etraWdro£uran/2,6 

^see inverted l^ybr-d 

3542). Hybrxds and ^..ed sxmxlarlY- 

oligonucleotides ^/^^^ J,,. gaining 2 ' -O- 

V- ♦-Hat tlie segmeni^ ^^v^ied using 2 

except -^^"^ ,iaes was asse-oble 

:"-=-r;s;£r-— ^^^^^^^ 

■ j^i-ion to a pntjof n*:>orotectioii 
oxidation above. Depx ^^-gd out 

^-"^^^ rr:r:if.onucieoa.es «-;;«;^:,,,,a 

ourificat^°'^ r.T-ocedures , ^s^® 

^ ^.^ standard P^o^'^ „v except 

^^cording to Stan 4:185-199)- 

\ ■ ^^954) «.ethylP^o-P^°""'" 
: . oligonucleotides contain-. ^ ^^^,,eo tides , 

^« regions. ^^r tlxose ^itb 
containing ^.^.^^cleotide was tre ^^^^ 

the CPG-bound olig ^^o^ide for 1 

v-od aitvmoniuro nY^^ ^ ,,as removed ana 

concentrated aitvm ^atant was 

and tne t t r.vr residue, 

temperature, yellow r 

evaporated to o ^.^^^^^ ^£ 

was t.en ---^^nol d-l ^/v) ^ 

room temperature 
pressure . 



V 4 
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= the CEM-SS cell 
\ ..-iWed was trie 
T^e cell ^ A ^^^'/^Ltitute-Frederic^ 
. , southern ResVarcli Inst ^^^^^ ^.e 

line (Soutn pYderick, MD) • rapi<iiy 

Research. Center. Fr^ witl^ HlV. rap 

.orm multinucleated sX^^^ ^^^^ ..i..ained .2 
l^illed toy HIV. \ 
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Vii in RPMI 1640 tissue culture 
10= cell, per W - - ^^^^^ ,eru., 

'^^^''-.'''''':JXIIZI.s. ana were pa..a,e. 
glutam.ne and passage' nun^er was 

twice weekly ^\\^° ^i.^arded after 

logged each .^^^ cEM-SS cells 

-t 4- ; T i ^*=m in the assay. 
thawed and -^^^^^ Uc^id nitrogen in 1 ml 
SS cells were frozenX m Ixcju 

• 1= -in 90% fe^al calf serum and 10 o 
NUNC vxals .n 90. ^ following thawing, 

dimethyl -^^-^^%^Xlly ready to be utilised 
^T-.Tk/r cc Is were rouuj\ii'=j-jf 

th! priory screen Lay after two weeks .n 
.n the prxma y T.„^ , ^ate passage cell 

culture. ^ X tested in the 

nl assay protocol ^iU.ing the current 
screening assay P i£ the 

stock of infectious T^f^^,,,,antly 

infectivity of the -s\srg ^^^^ 

different on the new cells 01% 

active than expected the new jells ^^'^ 

entered into the screening proi^. P 

testing was routinely performedW all 

Virus uXli-^ ^-^"'^ institute- 

renter Virus pools were 
Frederick — ^H^^in CEM-SS cells, placed in 5 
prepared and trtra^s^ rn thawing, 

- aliguots -5^\:::oid changes in 

-"^^'^.^^rtiter V&ools were prepared hy 
infectious titer ^ ^Xio'^eUT-SS cells with 
the acute infection .^fSxN^i^ .inoHcity of 

in a volume of ^"^"'^^^Xt' ce" -."^^"^ 
infection determined to give V"-" ^ 

at day 7 post-infection '-P-f-V-^^^ 

t-ino TTI isolate or tixv -i- \ ^ ^ 

. ^ of HIV-1) . infection was aWed to 

isolate ot Hxv x) \ 



0 



25 



, 37 °C, after which the 

\ r,;:,.? brought to o .„„ina on day 
t-He Volume was n ml Beginning 
^'^^ \ .-^^««sed to 10 m-L- saved, 



\ r,;:,.? brought to o .„„ina on day 

t-He Volume was n ml Begmi^^^^ 

/, the\ells were pei-i ^ 10 ml aliQ^ 

t^a letx- .esuspe^a^a .n a ^^^^^ 

, aalXy V- ,„nge. Pe»°<*= 

- ^Tis inVhe medium i ,,tilized m the 

'"e allowed \e virus ^-^;;Xery .ndepleted of 
time, all y relatively 

primary screen t^ .^^^^^ ,ells^ 

nutrients when it ^ ^^^t, see method be 

staining reaction u\il^ ^^^^^,,,a,ion remain 
retired that ^-/Xt^,, of glucose by -11 
^igh (161) - V^ells f ^^.abolic conversion of 
3,^^th will not perp Y ^^^^ product - 
tetrazolium dye to \the ^ 

V_„.)W^ the acutely 
cell-free ^^'^^''''^''"'^^e.Y 4, day 5, day 6, 
infected cells were save^ o J^^^^^^ ^aved 

and day 7. ^ ^^^^^^ use \ titer 

separately on each .^^^\s included 

^ • ^r. Titer determ -v ^ below) , 

determination. ^^tivity ass^ (^ee 

<=.T-se transcriptase a VeM-SS) 
reverse tj. . „ olaque assay 

•^h- t-itration or pi ^ ^w^r-lefe (see 

rele; ana ^antUica.ion o. 



below) 
kinetics . 



30 



^ined that peak leve\^ ot 
X, Has been •^^^^-^^f^^^ i„ .He acutel\ 
infectious virus a.e P-^-^^,,,,, .He cei\ 
i„£ectea cultures * s^^ce tHe pr.-«ar. 

falls tHrcuah the 50 . 
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1.:; a 



,i£ies the protective effect. 
Aeening assay inhibit HIV- 

:Xo^oun. -;.-:,r;:r..e ^antitv Virus 

recjui-reu. determine cne 

.outinel>^^tili-^ " de ^^^^^ .creenrn, 

virus re<AfO ^^^i. was titrated .n 

assay. Eac^ ^''^ f ^'/^t.^Uum dye XTT assay 
,1.3 pri-ry =V^^ "t^.jold dilutions of the 
protocol by Pf^'^Ttl test concentration of 50 
lirus be.inni/.V ^ ^^^e .rr stainin. method was 

of virus /^^ ^.unt of virus 

u.iiized -lf-"™;^rs>^-SS cells in each 
reciuired to\iiif^i3^. of virus was utxlr.ed 
„ell and -"^^^^^f^XUry testing. Ident-al 
£or performance of a ^ virus 
methods were "'^^"^^ " ^ laboratory-derxved 
isolates utili-^. -;;;^^^^„. Clinical 
strains of HIV-1, HIV ^ V .„ j^^^h hutaan 

elates utili^sd were \ these cells 

..^ THe metHods for ^ A is described 

cells. virus pools\is 

and tlxe productxon of vx . 

below . 
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30 



^iter determinyions ^^^.^ ^ee. methods 

reverse ^^^'^^''X . _.tion or plaque assay v 
below), "'"Infectious particles (see 

3S) --^--r%"^::trf ication of ceH KilX^n. 

raethods below) , a^Ld 

kinetics - 



Microtxce] 



iral_XTT_Assa: 



u 



The tetrazolium d:|^e 
tilized to determine 



:TT s 



aining method was 
act amount of virus 
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cQ cells in each 
.eVi-<^ - ^^'^ .^It of virus was utilx.ed 

ana this ^---^7Xa.V 
for Vrformance of all P 
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i=0 
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Q^^:^^^-^-— ^ line 

\ v,i \ <?Hed human cexi 

ufed in Xse experiments) preceding 
forVe in *e -^^^ , .t",... to assure tuey 
^ JVe cells were spirt I „j 
the assay. „fial growth phase 

«ould ^ in ^^raX o^ *e cells were 

...ection. °X%t:sue culture medium -a 
washed twice wr** tr ^^^^^^^ To 

.esuspended -^^^t.^, was P-^^^or Cell 
.11 and viabil3/tY\ excluS3.on. 
' ,.o.e.er /nd V^^^^^, .he cells .o .e 

viability W.rea.eV than^ ^^^^^ ^^^^ ^^^,^,3^ 

utilised in t^he -^^^A cellsi>er ml in 
.nd resuspen^a ^^^V ^^^.^ to the 

tissue cultur\med3.um. \^ 50 Ml • 

drug-containing 



laration 



25 



30 



ce' 



ilates 13 



Vi£li^-£^^E^^^^'' \ the 

■ \was removed from the 

, ..etitered ^^^-^ jLlHoVw slowly « 
freezer -80 o ,^„.cal safW catoine 

temperature in a '--^^^^^..^tSl into tissue 
.1.US was — th" the amoAt of virus added 
culture medium such that Y 
to each well in a vol^e X,, ..ilX^^ »^ 

^*=>termined to give c t- x virus pools 

amount ^^n. ^ general the 

6 days ^3 isolate of HXV Wired 

produced with ^^ ^^^^^^^ .ell- PoV 

addition of 5 /^i , \ 
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vWus were five to ten-fold more potent, re<^xrxng 
0 1\1 Ml per well. TCID^o calculation by endpoxnt 
titXtion in CEM-SS cells indicated that the 
multSaicity of infection of these assays ranged 
from 0 >p05-2 . 5 . 



Plate__Fortfiat : 

Each plate Contained cell control wells (cells 
only), virusVcontrol wells (cells plus v.rus) , 
drug toxicityXcontrol wells (cells plus drug 
only) , drug coUi^ric control wells (drug only) 
as well as extAime^^al wells (drug plus cells 
plus virus) . 



f jgnAeei^TTiq Plates: 



After 6 dayi of incubation at 37°C in a 5% CO, 
incubator thi\test pl^es were anai^zed by 

• ^r. t-«=.*-r-aVoliuin-we XTT. XTT- 

staining with the ^ tr a'e o xima- 

^ T T ■ Vivr the mitochonariax 

tetrazolium is metabolized by tne m 

enzymes of metabolically \ctive cells to a soluble 
formazan product, allowingXthe rapid c^antitative 
analysis of the inhibition \f HIV- induced cell 
killing by anti-HIV test subWnces . On day 
post-infection plates were reWed from the 
incubator and observed. The uk of round bottom 
microtiter plates allows rapid ^croscopic 
analysis of the activity of a gi^ test compound 
by the evaluation of pellet size. We results of 
the macroscopic observations were confirmed and 
enhanced by further microscopic anal^is . 
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XTTvsolution was prepared daily as a stock of 1 
mg/m\ in PBS. Phenazine methosulfate (PMS) 
soluAon was prepared at 15 mg/ml in PBS and 
storedVin the dark at -20°C. XTT/PMS stock was 
prepared immediately before use by diluting the 
PMS l:lo\into PBS and adding 40 fJ-1 per ml of XTT 
solution. Xpifty microliters of XTT/PMS was added 
to each wem of the plate and the plate was 
incubated f\ an additional 4 hours at 37°C. 
Adhesive pla^e sealers were used in place of the 
lids, the seaLd plate was inverted several times 
to mix the sellable formazan product and the plate 
was read spec tr^pho tome trically at 450 nm with a 
Molecular Devicei Vmax plate reader. Using an m 
house computer prW^ %CPE Reduction, %Cell 
Viability, IC3s./As. \.s.so.s. and other indices 
were calculat^d^ and\thl graphic results summary 
was displayei 

b. p^^r^-rse ir r^r^.c^r^-riptVqe Activity Assay 



A microtiter b>^d reverse trans^^tase (RT) 
reaction was utii^^edOBu^J^l^^^t al (1991) AIDS 
Research and Human Retrovii^ses 7:295-302). 
Tritiated thymidine triphosphate (NEN) (TTP) was 
resuspended in distilled H,o\at 5 Ci/ml. Poly rA 
and oligo dT were prepared as^a stock solution 
which was kept at -20°C. The RT reaction buffer 
was prepared fresh on a daily ^asis and consists 
30 of 125 Hi IM EGTA, 125 Ml dH,0, \l25 //I Triton X- 

100, 50 1X1 IM Tris(pH 7.4). 50 ixl IVL DTT, and 40 
Ml IM MgClj . These three solutions were mixed 
together in a ratio of 1 parts disVilled water. 
Ten microliters of this reaction mixture was 
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placed X a round bottom microtiter plate and 15 
^1 of vir^ containing supernatant was added and 
mixed. TheNplate was incubated at 37°C and 
incubated foXsO minutes. Following reaction, the 
reaction voluink was spotted onto filter mats, 
washed 6 times ihf\rainut.s each in a 5% sodium 
phosphate buffe/\ times for 1 minute each xn 
distilled water/ 2 \imes for j/minute each xn 70% 
ethanol, and ttlen drW^^^ dried filter mat was 
placed in a pla>bio_s^e bag, Betaplate 
scintillation fluid was\dded and the bag was 
heat-sealed. Incorporate\^radioactivitY was 
quantified utilizing a Wall^c Microbeta 
scintillation counter. 

C. p7.4 ELISA : 

ELISA kits\were purchased from Coulter. The assay 
is performed according to the manufacturer's 
recommendations. Prior to ELISA analysis we 
s^routinely performed the reverse transcriptase 
Wactivity assay\ (described above) and used the 
^ ( values for incoVporated radioactivity in the RT 
activity assay tfo determine the dilution of our 
25 samples requires \or the ELISA. We have 

constructed stand^d curves so that the dilutions 
of virus to be useA in the p24 ELISA can be 
accurately determin^ from the RT activity assay, 
control curves are g^erated in each assay to 
30 accurately quantify tl^^ amount of capsid protexn 

in each sample . Data wVs obtained by 
spectrophotometric analysis at 450 nm using a 
Molecular Devices Vmax plVte reader. P24 
concentrations were calculVted from the optical 



20 
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density valuel by use of the Molecular Devices 
software pack^e Soft Max. 




InfectiousWirus particles were qual.fxed 
utilising t\e CEM-SS plague assay as described by 
Nara, P.L. aVd Fischinger, P. J- (1988) 
QuantitativeV^-ti-^^ ^^^^^ HIV- and HIV-2 

..ature 332:46^470) . Flat bottom ^^-well 
.icrotiter plAes (Costar) were coated ^^t^O 1 
of poly-L-lysiX (Sigma) at 50 /.g/ml for 2 hours 
at 37°C. The wLls were then washed with PBS and 
2 5 X 10= CEM-Ss\ells were placed in the 
.icrotiter well w\ere they became fixed to the 

f r^lat^ Enough cells were added to 

bottom of the place. ^."^ ^ 

form a monolayer of\cEM-SS cells in each well. 
Virus containing supernatant was added from each 
well of the XTT plate\ including virus and cell 
controls and each seri\l dilution of the test 
substance. The number \f syncytia were c^al.f red 
in the flat-bottom 96-weVl microtiter plate wxth 
an Olympus CK2 inverted Microscope at 4 days 
following infection. Eac\ syncytium resulted from 
a single infectious HIV viVion. 

ki„ vre^sii Hnr"'" rr^Alsz Assay in 
- in Fresn Human v. 

TT^oaV. Human T-LympAocjgtes 

rmrr^Z^iohir^ blood lythphocytes (PBL) are 

Fresh human peripii«-L<*(^ ^ 

>^i,,W4-3-Ar Red/<5ross donors, 
isolated from voluntary Re^ru , i 

seronegative for nk-^f^^ ■ Leukophoresed blood 
is diluted 1:1 with Dulbe^o's phosphate buffered 
saline (PBS,, layered over\ of Picoll-Hypa^e 
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\ J In a 50 ml. centrifuge tube, 

dfensicy gradient rn a bu mi. 600 X 

Ties are then centrifuged for 30 mrnutes a 
r \Banded PB.s are gently aspirated from the 
:esu\ting interface and subse^entiy ^^^^J^^^^ 

„ith\s by low speed centrrfugation Afte 
„ Xl ls are enumerated by trypan blue 

wash, d*lls are e . ^ , _ lO'/ml. in RPMI 

exclusi^ and re-suspended " ^'^ ^° ' , ^ 

withXis* ,„cubate 

glutamine,\4 mg/mL PHA f an ^ ^4^„ PBLs 

^ \ ^ T-7°r After mcutoation, ftsi^s. 

for 48 - 72\ hours at 37 C. Arce 

■ A ^ «nrl reset in RPMI 1640 with 15^ 
are centrifuged and resec x • -n^n 100 

X. • inn Ti/mL penxciUm, xuv 

FBS, 2 mM L-g\utamine, 100 U/nu. P 

\ .„ in aa/mL gentamycm, and 20 
^g/n^ streptomycin, 10 ^^/r^ 9 ^.i^^ained 
U/mL recoirfDinanVmman IL-2 . PBLs a 

concentration of 1-2 x lu /" 
in this medium arfe^^^concen 

/ ^-Hanrrps until use in asscty 

with bi-weekly/medi^ changes, 

protocol . 

[ p\a-P stimulated cells from at 

For the PBL kssay, PHA P .^.^^^ in fresh 

least two noWl donoirss are pooled^set m 

Tr. lt 2 XoVmL aAd plat^^the interior 
medium at 2 \ ^.™r,late at 5 



wells of a 96 we 
piL/well 



wen .:e«^^om microplate at 50 

Test drug diluVions are prepared at a 2X 

\ . , A inn //Tj or 



uL/well. 'i-esu v^-^ k ^ 

• • »-Vr tubes and 100 //i^ ox 

concentration in microtiter cud 

• -lo r^lacW in appropriate welis 
each concentratron .s place^ ^J^^,,^^^ a 

in a standard fcrmat^ ^^^^^ 
predetermined dilution ^^^^^ ^^^^^ 



each test well- \ elates are 

^ ^r-.TiM-ol Separate places cu-c 
are used for virus control. ^ 

identically set without virus f^ drug 
cytotoxicity studies using an XT* assay 

in the standard PB^ assay (MOI : 0 V the assay 
Tas ended on day , following colleckon of cell 
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N i^c, for- reverse transcriptase 

fke supernatant samples for revers 

\ Tn the low MOI PBL assay (MOI- 

G 11 and day 14 post-infection and analyzed 

;;:X.tivlty. Tritlated -y»iaine t.lp.osp.ate 
\.P) was resuspended in ^-""^^ 
ri /ml Voly rA and oligo dT were prepared as a 
Ci/ml. HpJ-y , „^ ,1- -20°C The RT 

stock solution which was kept at 20 

reaction Sf.er was pre.a.e^ 1„ 

rci: "^IXreli:^^ were .i.ed together 

0X2 parts TTP, 1 part poly rA:olxgo 
in a ratxo of\2 parts , microliters 
dT and 1 partVeaction buffer. ie 

this reactiolmixture was placed in a round 
bottom microtite\plate and 15 ,1 o£ vrrus 
containing supern^Sf\ was added and m.xed^ J^e 

v, =h 37°C in a water bath wicn 

plate was mcubat^cl at 3 / ^ 

♦-../r.rivent submersion of the plate 
solid support to /prevent r-f^action, 

-rri V^-; i-.iit-<=<5 Following reaction, 
and incubated for eoVmutes. 



Line 



3 t 



the reaction vol 
DE81 paper, washe 
5% sodium phosphate 
each in distilled water, 
in 7 0% ethanol, and then 



;potted 
IS for 5. 



onto/ pieces of 

inutes each in a 
times for 1 minute 
times for 1 minute each 
ied, Opti-Fluor O was 



.dded to each san^le and inUrporated 
radioactivity was ^antif iedVtrlr.rng a Wallac 

T • c<-i Atillation counter. 

1450 Microbetaplus liquid sciiltiJ-La 

• ^^■K-T^r^T-atioh was measured in 
Tritiated thymidine incorporation w .^^^ 

o dav 7 EachNwell was pulsea 
parallel cultures at day / - V 
with 1 /.Ci of tritiated thymidine ^d the cells 

harvested 18 hours later with aXskatron cell 
were harvested 1 ^^^^^ \ ^ _ 

harvester onto ^^^^ ^ scintiKation vial 

filters were dried, placea 
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4 



^th 1 ml of scintillation cocktail and 
iXrporated radioactivity was quantified on a 
Pac^rd Tri-Carb 1900 TR liquid scintillation 



counts 



..»«-\^iv Ac^ ^^^^^^ in Frp^n Human Cells : 

per isolation 6^ adherent cells, 3 x 10^ — 
stimulated periV-^ ^^''^ resuspended 

in Hanks bufferedV saline (with calcium and 

^^Ar^^^^d with 10% human AB ser\im. 
magnesium) supplem^ted wicn 

The cells were placid in a 24-well microt.ter 
plate at 37OC for . Non-adherent cells 

were removed by vi4oroi^ly washing sxx ^^-^ 
adherent cells wefe culled for 7 days xn RPMI 
1640 tissue cultuL medi\ with 15%^tal bovxne 
serum. The cultu^WlfW^^ monitored for 
confluency during this incuWtion perxod. 
infection of the cells was performed wxth the 

1 =5 ^ rains RaL or ADA and the 
monocytotropic HIV-1 strains . ^ ^ 

matched pair of AZT-sensitive W AZT-res.stant 
virus isolates . Each of these W isolates was 
obtained from the NIAID AIDS ReseWch and 
Reference Reagent Program. High tVter pools of 
each of these viruses have been harvested from 
infected cultures of peripheral block adherent 
cells and frozen in 1.0 ml aliquots ak -80 C. 
Monocyte-macrophage monolayers were in^cted at an 
MOI of 0.1. compounds to be evaluated ii^the 
monocyte-macrophage assay are added to th^ 
monolayers shortly before infection in ordW to 
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maxWize the potential for identifying active 
compounds . 

At 2 da^ post-infection, the medium wab decanted 
and the c^tures washed twice with complete medium 
in order t\remove excess virus . Fresh medium 
alone or medWm containing the appropriate 
concentration\of drugs was added and incubation 
continued for a\ additional 5 days. XTT- 
tetrazolium or t&)ak blue exclusion assays (for 
cell viabilityf ar^ HIV p24 ELISA assays (for 
production of(p24 c\re antigen) were performed on 
Day 7 post-infection\ ELISA^its were purchased 
from coulter. according to 

the manufacturer ' s recoViendat ions . Control 
curves are generated in ^ch assay to accurately 
quantify the amount of ca^id protein in each 
sample. Data was obtained W spec tropho tome trxc 
analysis at 450 nm using a Mo\ecular Devices Vmax 
plate reader. P24 concentrati>>ns were calculated 
from the optical density values V use of the 
Molecular Device software package \soft Max. 



25 




[ 



To determine the relative effect of 

inverted hybrid or Vnverted chimeric structure on 
oligonucleotide-mediVted depletion of complement. 



the following experii 



mts were performed. Venous 



blood was collected fl^pm healthy adult human 
volunteers. Serum was Prepared for hemolytic 
lement assay by colLcting blood into 



comp 
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vacutainers \(Becton Dickinson #6430 Franklin 
Lakes, NJ) without coiranercial additives. Blood 
was allowed t\ clot at room temperature for 30 
minutes, chilLd on ice for 15 minutes, then 
centrifuged atU^C to separate serum. Harvested 
serum was kept Vn ice for same day assay or, 
alternatively, \tored at -70°C. Buffer, or an 
oligonucleotide Vample was then incubated with the 
serum. The olig Wleotides tested were 25mer 
oligonucleotide pkosphodiesters or 

phosphorothioates,\ 25mer hybrid oligonucleotides, 
25mer inverted hybiid oligonucleotides, 25mer 
chimeric oligonucleotides, and 25mer inverted 
chimeric oligonucleotides. Representative hybrid 
oligonucleotides wer^ composed of seven to 13 
2-O-methyl ribonucleoVides flanked by two regions 
of six to nine deoxyritonucleotides each. 
Representative 25mer ii^^erted hybrid 
oligonucleotides were composed of 17 
deoxyribonucleotides flaXked by two regions of 
four ribonucleotides each\ Representative 25mer 
chimeric oligonucleotides Were composed of six 
methylphosphonate deoxyriboVucleotides and 19 
phosphorothioate deoxyribon^pleo tides . 
Representative inverted chiml^ic oligonucleotides 
were composed of from 16 to l\ phosphorothioate 
deoxyribonucleotides flanked regions of from 
two to seven methylphosphonate 
deoxyribonucleotides, or from siV to eight 
methylphosphonate deoxyribonuc leek ides flanked by 
nine to ten phosphorothioate deox:>^ibonucleotxdes , 
or two phosphorothioate regions raAaing from two 
to 12 oligonucleotides, flanked by Wee 
phosphorothioate regions ranging in Uze from two 
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to six nuclLtides in length. A standard CH50 
assay (See Abat and Mayer (eds) , Experimental 

u ,\9H Ed Springfield, IL, ?C Thomas, 
Immunochemistry . Ed., ^pn y ^ ^ ^ 

p 125) for coVlement-mediated lysxs of ^^^^ 

^ \ <;^r-iim Co ) sensitized with 

blood cells (Colorado serum CO. > 

anti-Sheep red Sood cell antibody (hemolysin, 
Diamedix, Miami, \l) was performed, usxng 
duplicate determinations of at least five 
dilutions of each \est serum, then hemoglobin 
release into cell-f\ee supernates was measured 
spectrophotometricalVy at 541 nm. 

EXAMPLE 3 

ffjVitr^ Mihoaeniri1-y Studies. 

TO determine the relative effect of inverted 
hybrid or inverted chimeric structure on 
oligonucleotide-mediated mitogenicity , the 
oligonuc performed. Spleen was 

following experiments were per on 99 a- 

taken from a male CDl mouse (4-5 weelcs, 20-22 g, 
Charles River, Wilmington, MA). Single cell 

w rrentiv mincing with 
suspensions were prepared by gently 

Losted edges of glass slides. Cells were then 
cultured in RPMX complete media (RPMX media 
supplemented with 10% fetal bovine serum (FBS) , 
Zromolar 2-mercaptoethanol (2-ME) , 100 U/m 
penicillin, 100 micrograms/ml streptomycin, 
L-glutamine) . To minimize oligonucleotide 
degradation, PBS was first heated for 30 minutes 
at 65°C (phosphodiester-contaming 
oligonucleotides) or 56°C (all other 
oligonucleotides) . Cells were plated in 96 well 
dishes at 100,000 cells per well (volume of 100 
microliters /well) . One type of each 
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• ^ Ar^ T7vamnle 2 above in 10 
oligonucleotide aesaz: r,H 7 5 , 1 

^ was aaaea to each '^^J^^^.^^^^^^ 

o£ culturing at 37'c, one — 

.nvmidine (^ar.ha„. ""'f/; 

■ T ; (-«v<3 RPMI media tor a ^ ^i^" 
=,rifie>d in 20 microliters KfiiJ- 

added in ^^^^ harvested in 

pulse labelling. The eel sterling, 
an automatic cell harvester ^^katron 

n- ^-i^o^^ were assessed using a 
VA) and the ^^^^^^ experiments for 

scintillation counter. In co ..^^.j^y 

■ cells were treated identically, 

mitogenicity, ceiis we ^^^^^^nl^ or 

that either media (negative control) or 
except that eitii^ t ^ ,,^=,0 added to the 

1 -v, 2v roositive control) was aaaea 
concanavalin A (positiv ^..^ 

cells in place of the oligonucleotides. 

^11 of the inverted hybrid oligonucleotides 
proved to be less immunogenic than 

\ .tHioate oligonucleotides. Inverted 
phosphorothioace oxiy x,^,^^ er 

Un.a.es in the —--^^ r^Jfo^ainin. 
slightly less immunogenic than those 

. ^ n„v,<ieB in that region. No 
phosphorothioate linkages in 

significant difference in mitogenicity was 
signiii ,,.o-methyl ribonucleotide 

observed when the 2 O metny „^ to 9 

region was pared down from 13 to 11 or " ' 
nucleotides. Inverted chimeric oligonucleotides 
were also generally less mitogen^c than ^^^^ 
phosphorothioate oligonucleotides^ I 
these oligonucleotides appeared to be 
„.togenic th n . -i.nal chime^^c ^^^^^ 

: rdironll ::::eric oligonucleotides had 
significant nu^ers of methylphosphonate linkage, 
the 3. end. Increasing the number of 
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X- ^« 1 inkers in the middle of the 
n^ethylphosphonate Ixnkers ^_ _^ ^^^^^^ 

oligonucleotide from 5 to 6 o ^^^^^ 
have a significant effect inverted 
results indicate that incorporation 
results , -^^^ir structure into an 

hyteia or inverted -^^'^'^Jf ^ ^i.o^enicity . 
oligonucleotide can reduce its mit g 

EXAMPLE 4 

V/7ro Stud ies 

determine tl.e relative effect of inverted 
,^brid or inverted chimeric structure on 
oli,onucleotid,-induced ^..ns 
following e^eriments were ^^^^^ 

^^n*=^rted from healthy aauxt. 
^lood was -ol^ll'^^ ^^^^^^ ^.^^ ,3,,^ 

volunteers. ™ siliconized 
prepared by collecting Dickinson 
vacutainers with sodium citrate I 
*.67705) followed by two centrifugations at 

^e olatelet-poor plasma. Plasma aliguots 
to prepare P^^^^^^^J ,,,^.,,3 test 

were kept on ice, spiked w ^^^^^ 

T ^^..t-i f^*-s described m Exampie 
oligonucleotides aes ^,4^viv frozen on dry 

•^H^r tested immediately or quickly tro 
either tesueu orior to 

ice for subsequent storage at -20 C pr 

coagulation assay. Activated partial 
coaguiac was performed m 

..ronoooplastin tr.e UP- ^^^^^^^^ ^^^^^^^^ 

"^""L^Htlt -Lon, «V) according to t.e 

Automation, Houni. v . iic?ina Actm 

.nufacturer's recommended procedures , using 
manufacturer calcium to 

FSL (Baxter Dade, Miami, ^^^..^red 
• -i-^.t-e clot formation, which was measured 
initiate cxoc 1 aPTT was taken 

. =>»-^Tr-allv prolongation of aPii 
photometrically- inhibition side 

as an indication of clotti g 
effect produced by the oligonucleotide. 



Traditional phosphorothioate oligonucleotides 
p.oduced t.e greatest prolongation of -TT^ o^ 
Z the oligonucleotides tested. Tradxtxonal 
of ttie oxig t^roduced somewhat reduced 

hybrid oligonucleotides producea 

^- ^ ^4= ^PTT In comparison with 
prolongation of traditional hybrid 

traditional phosphorothioate or traa 

=>n of the inverted hybrid 

oligonucleotxae. tested p 

reduced prolongation o£ aPTT. i ii„kaaesin 
oligonucleotides having phosphod.ester ^--"^J^l 
the 2 . -0-substituted ribonucleotide regxon had the 
Neatest reduction in this 
such oligonucleotide having a 2 O mecny 
TntspLdlester region o. 13 nucleotides showing 
very little prolongation of aPTT, even at 
oligonucleotide concentrations as high as 

• ,„r,^«ms/ml Traditional chimeric 
micrograms /ml. prolongation o£ 

oligonucleotides produce much less P 

aPTT than do traditional . ^ . , 

oligonucleotides. Generally, inverted chimeric 
oligonucleotides retain this characteristic, 
least one inverted chimeric oligonucleotide, 
naving a methylphosphonate "^Z^^^" o£ 

nucleotides flanged by P'>-^''°"^^"f ^^/^i; 
nine nucleotides, gave better results in this 
assay than the traditional chimeric 

^4- =n h>ut the hignest 
oligonucleotides at all but c 

n^^^-iH*=^c; mav provide advancage^ 
Chimeric oligonuc eotides m yj ^^^^^^^^ ^^^^^^^ 

in reducing tne siae 

■ c:;t-^:»-r<=^d to modulate gene 
when they are administerea co 

3-^p:cession m vivo. 



Vivn Com 



EXAMPLE 5 

lement_ActiYati22.^^ 



Rhesus monkeys (4-9 kg body weight) are 

1 imatized to laboratory conditions for at least 
acclimatized co 

7 days prior to the study. On the day 

• 1 -i o liahtly sedated with 

maintained oy oligonucleotides 

cephalic vein catheter, ^ ao 

= a delivery rate of 0.4^ 
infusion pump at a delivery 

/n,-inute For each oligonucleotide, dose 
mg/minute. rui. =,^„,-;r.i ^^tered to two 

0 5 1 2, 5 and 10 mg/kg are administerea 

i^als each over a 10 minute infusion period. 
rrtTr al blood samples are collected 10 minutes 

...or to o--^;;--:: -r;rtre^::r^^ 

10 20, 40 and 60 minutes after 

11 24 hours later. Serum is 
infusion, as well as 24 ho 

used for determining complement CH50, ^ 
coltentional complement -dependent lysis of sheep 
eXthrocyte procedure (see Kabat and Mayer, 1S61. 
supra^. At the highest dose, phosphorothioate 

^ /^or-T-^^ase m serum 
oligonucleotide causes a decrease 

oiigo"^ ^.rirhin 5 minutes of the 

Oligonucleotide, are ejected to show a .uch 
LdLea or undetectable decrease rn seru. 
=o>nplen.ent CH50 under these condrt.ons. 



EXAMPLE 6 





10 



15 



20 



1 jl s 



25 



jpVivn Mitoq ^Tninitv Studies 

CDl mice are injected intraperitoneally with 
. aose of 50 mg/3cg body wei.ht of o^^^-^^^^^^f 
described in Example 2 above. Forty-e.ght hours 
later, the animals are euthanized and the spleens 
are removed and weighed. Animals treated wxth 
inverted hybrid or inverted hybrxd 
oligonucleotides are expected to show no 

= o« -in sDleen weight, while those 
significant increase in spleen w y ^ . 

treated with oligonucleotide phosphorothioates are 
expected to show modest increases in spleen 
weight . 

EXAMPLE 7 

In Vivo cli r^'r^\r\.a Studies 

Rhesus monkeys are treated as in Example 5 . 
From the whole blood samples taken, plasma for 
clotting assay is prepared, and the assay 
performed, as described in Example 4. It is 
expected that prolongation of aPTT will be 
substantially reduced for both inverted hybrid 
oligonucleotides and for inverted chimeric 

^•^^ -K-e^lative to traditional 
oligonucleotide, relative 

oligonucleotide phosphorothioates . 
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EXAMPLE 8 



^y^^ ability of invert'ed hybrid 
To determine the aoixiv-Y 

. „B,-£ormed. Each type o£ 
experiments were performea. 

oligonucleotide described in Example 2 abov 
inclbated together with a molar e<^rvalent 
:rtit. o. =o,.Umentar. OU. -^^^^^^^^ 
(0.266 micromolar concentration ° ^ 

• final volume of 1 mx kincio 

cuvette contarnrng a £.nal ^ 

i» ^^^^ 17 0 inM TriS-HCl, pH / . =^ ^ 

buffer (20 mM ^^^^^^ ^^^^ 

KPl 2% glycerol, 0,l mra uj- v 

95°C then cooled gradually to room 
heated to 95 C, tnen duplexes. 

^ t-o allow annealing to form aupx 
temperature to allow minutes at 

Annealed duplexes were incubated 
370c then 5 units RNase H was added and data 

. ^ ^ t-v»-ree hour period. 
-"-"/LrirtrdtsCa s rtrophotometer .BC 
Data was col-Lect.t=;^ w.^ » 

920 GBC scientific Equipment, Victoria 

; • 259 nm. PNase H degradation was 

Australia) at 2by nni. 

determined by hyperchromic shift. 

AS expected, phosphodiester oligonucleotides 

. ,v,c=t-T-ates for RNase H- 

behaved as very good co-substrates to 

Ldiated degradation of KNA, with ^ --a^^^^^ 

Half -life of 8.8 seconds. ^^-^^^^^^^^^^ . , , ^ 
..gonucleotides pro^uce^^^^^^^^^ 

of 22.4 seconds. mtrod 

ribonucleotide segment at eithe ^^^^.i^y 
oligonucleotide further worsened RNase H 
(half-life = 32.7 seconds). In contrast. 



^ • » 9.-o-methYl segment into the middle 
introducing a 2 o met ^ structure) 
of the oligonucleotide (inverted ny 
always resulted in i^roved BMase H-mediated 

degradation. When a region of 13 2 -O 
methylribonucleoside phosphodiesters was f lanKed 

on both sides by phosphorothioate DNi. the best 
^ase H activity was observed, with ^ "^^^ 

seconds. Introduction of J'^;/'^^; , 

methylphosphonate-linked nucleosides at the 
of the oligonucleotide either had no ^Hect °r 
caused further deterioration of PNase H activity 
even when in a chimeric configuration^ 
introduction of methylphosphonate linked 

... .f the 5' end, however, improved FNase 
nucleosides at the d en . 

H activity, particularly in a ch.mer.c 

xr-iMi a single methylphosphonate 
configuration with a smg 

i-„v^^ at the 3' end (best half-Hfe = 8.1 

Z T All inverted chimeric oligonucleotides 
seconds) . AlJ- invtsx. u ^^^r^ 
with „sthylphosphonate core regions ^^^^^^ 
phosphorothioate regions gave good PHase results, 
half-life range of 9.3 to 14.4 seconds^ 
. J. th«t the introduction of 

These results indicate that the ^^.^^^ 

inverted hybrid or inverted chimeric 

into Phosphorothioate-containing oligcnucleotides 

r.r- all of the ability of the 

can ---- !7 , co-substrate for KNase 

oligonucleotide to act as a 

H. a potentially important attribute for an 
effective antisense agent. 

EXAMPLE 9 

T^ ^ina Tempe rature_Studies 

•^^ i->.^ effect of inverted hybrid or 
To determine the errect 

of r-iirt-ure on stability of tne 
inverted chimeric structure oxi 

mvercti^ oligonucleotide 
formed between an antisense oi y 



duplex 

-57- 



and a target molecule, the following experiments 
were performed. Thermal melting (Tcu) data were 
lllected using a spectrophotometer (GBC 920 GBC 
scientific Equipment, Victoria, Australia), whxch 
has six 10 mm cuvettes mounted in a dual carousel, 
in the Tm experiments, the temperature was 
directed and controlled through a peltier effect 
temperature controller by a computer, usxng 
software provided by GBC, according to the 
manufacturer's directions. Ten data were analyzed 
by both the first derivative method and the mid- 
point method, as performed by the software. Ttn 
experiments were performed in a buffer contaxnxng 
10 mM PIPES, PH 7.0, 1 mM EDTA, 1 M NaCl . A 
refrigerated bath (VWR 1166, VWR, Boston, MA) was 
connected to the peltier-ef f ect temperature 
controller to absorb the heat. Oligonucleotxde 
strand concentration was determined using 

T ,4- oKn nm taking into account 

absorbance values at 260 nm, caKiny 

extinction coefficients. 

EXAMPLE 10 

^^^^^^ r.^^,.^y. ^nd An 1-i<-^nse Treatment 

LS-\^T human colon carcinoma cells (1 x 10 
cells) wereVnoculated subcutaneously (s.c.) into 
the left flaXof athymic mice. A single dose of 
RI antisense hybrid (Oligo 164, SEQ ID NO:4), 
inverted hybrid (OXi^o 166, SEQ ID NO: 6), or 
inverted chimeric (o\go 190, SEQ ID NO:l) 
oligonucleotides or co^i^t^rol oligonucleotide (Olxgo 
169 SEQ ID NO:7),- Oligo ^1^8 (SEQ ID NO:5); Oligo 
ISs' SEQ ID NO:3)) as shown^vin Table 1 d mg per 
0 I'ml saline per mouse), or\line (0.1 ml per 



L5 



25 



30 




mou 
mice 



), was injected s.c. into the right flank of 
en tumor size reached 80 to 100 mg, about 1 
week af\er cell inoculation. Tumor volumes were 
obtained\om daily measurement of the longest and 
shortest di\eters and calculation by the formula, 
4/3nr^ where rV (length + width) /4. At each 
indicated time,\wo animals from the control and 
antisense-treatedVoups were killed, and tumors 
were removed and weighed. The results are shown 
in FIG 1- These resT>\ts show that the size of 
the tumor in the animalVeated with the inverted 
hybrid oligonucleotide 16^aving SEQ ID NO: 6 was 
surprisingly smaller from this^e days after 
injection onward than the phosW)rothioate 
oligonucleotide 164 having SEQ i\nO:1- That this 
effect was sequence-specific is al\o demonstrated 
in FIG. 1: control oligonucleotide 16^ (SEQ ID 
NO: 3) has little ability to keep tumor\ize at a 
minimum relative to the hybrid and inver£\^ hybrid 
20 oligonucleotides. 

EXAMPLE 11 

Photoaf f inity Labelling and 
J pr-^^-r- -i TO i tat n on of RI^ Subunits 



The tumors are homogenized with a 
Teflon/glass homogenizer in ice-cold buffer 10 
(Tris-HCl, pH 7.4, 20 mM; NaCl, 100 mM; NP-40, 1% ; 
sodium deoxycholate, 0.5%; MgCl^, 5 mM; pepstatin, 
0.1 mM; antipain, 0.1 mM; chymostatin, 0.1 mM; 
"leupeptin, 0.2 mM; aprotinin, 0.4 mg/ml; and 
soybean trypsin inhibitor, 0.5 mg/ml; filtered 
through a 0.45-Aim pore size membrane), and 
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centrifuged for 5 min in an Eppendorf microfuge at 
4°C. The supernatants are used as tumor extracts. 

The amount of PKA RI. subunits in tumors is 
determined by photoaf f inity labelling with 
8-N3-["P]cAMP followed by immunoprecipitatxon with 
RI 'antibodies as described by Tortora et al . 
iploc. Natl Acad. ScL (USA) (1990) 87:705-708). The 
photoactivated incorporation of 8-N3- ["Pl cAMP 
(60 0 Ci/m-mol), and the immunoprecipitation using 
the anti-RI„ or anti-RH, antiserum and protein A 
Sepharose and SDS-PAGE of solubilized antigen- 
antibody complex follows the method previously 
described (Tortora et al . (1990) Proc. Natl Acad. Scu 
(USA) 87:705-708; Ekanger et al . (1985) J. Biol Chem. 
260:3393-3401) . It is expected that the amount of 
RI in tumors treated with hybrid, inverted 
hyLrid, and inverted chimeric oligonucleotides of 
the invention will be reduced compared with the 
amount in tumors treated with mismatch, straight 
phosphorothioate, or straight phosphodiester 
oligonucleotide controls, saline, or other 
cfontrols . 

EXAMPLE 12 

^AMP-n^nend "^*- Pr-otein Kina.se Assayg 

Extracts (10 mg protein) of tumors from 
antisense-, control antisense-, or saline- treated 
animals are loaded onto DEAE cellulose columns (1 
X 10 cm) and fractionated with a linear salt 
gradient (Rohlff et al . (1993) J. Biol Chem. 
268:5774-5782) . PKA activity is determined in the 
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absence or presence of 5 cAMP as described 
below (Rohlff et al . (1993) J. Biol Chem. 268:5774- 
5782) cAMP-binding activity is measured by the 
method described previously and expressed as the 
specific binding (Tagliaferri et al. (1988) J.Biol. 
Chem. 263:409-416) - 

After two washes with Dulbecco's phosphate- 
buffered saline, cell pellets (2 x 10^ cells) are 
lysed in 0.5 ml of 20 mM Tris (pH 7.5), 0.1 mM 
sodium EDTA, 1 mM dithiothreitol , 0.1 mM 
pepstatin, 0 . 1 mM antipain, 0 . 1 mM chymostat.n, 
0 2 mM leupeptin, 0.4 mg/ml aprotinin, and 0 . 5 

^^v,-;v>4 1-r.T- usina 100 strokes 
mg/ml soybean trypsin inhibitor, using 

of a Bounce homogenizer. After centrifugation 
(Eppendorf 5412) for 5 min, the supernatants are 
adjusted to 0.7 mg protein/ml and assayed (Uhler 
et al. (1987) J. Biol. Chem. 262:15202-15207) 
immediately- Assays (40 /zl total volume) are 
performed for 10 min at 300°C and contained 200 m 
ATP 2 7 X 10^ cpm y["p1ATP, 20 mM MgCl,, 100 /.M 
Kemptide (Sigma K-1127) (Kemp et al . (1977) J.Biol. 
Chem 252:4888-4894), 40 mM Tris (pH 7.5), ± 100 

protein kinase inhibitor (Sigma P-3294) (Cheng 
et al. (1985) Biochem. J. 231:655-661), ± 8 /zM cAMP 
and 7 //g of cell extract. The phosphorylation of 
Kemptide is determined by spotting 20 //I of 
incubation mixture on phosphocellulose filters 
(Whatman, P81) and washing in phosphoric acid as 
described (Roskoski (1983) Methods Enzymol. 99:3-6). 
Radioactivity is measured by liquid scintillation 
using Econofluor-2 (NEN Research Products NEF- 
969) It is expected that PKA and cAMP binding 



• ^ . will be reduced in extracts of tumors 
actrvxty wrll be r hybrid, and 

treated with the hybrrd, invertea y 
inverted chimeric oligonucleotides of the 



invention. 
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EXAMPLE13 



„ ^or^TTTA^L AND MONOCLONAL ANTIBODY MAb 



MATERIALS AND METHODS 



Materials. ^wMes (MBO) targeted against the N-teimina! 8-13 

HYB 165.a 18-mermixedbaekbo„eoUgonucl««d^^ ) ^^^^ 

oodons of the human RIa regulator, subumt ol r ^^^^^^^ ^ ^^^^^^^ 

described was provided by Hybridon Ine..Camtadge M . 2.o.„e.hyl-modif,ed 

.e^ueuce: HVB .65. ''^^f^';^™';^! tllodif.ed o.igodeoxynudeotide bases 

ribonueleotide bases (bold "e Poulene Rorer, Origgio, My, and used aite. 

in me middle. DoeeU^el was a k>nd g.ft fam Ebone Po ^^^j,^^^ ^Ab C225 .s 

dilution in appropriate solvent as 'O"" " "^^^,^3 ™.b natural ligands for reeeptor 
. human-mouse ehimerie IgO, that bmds .0 .he - p ^ 

binding and bloeks the EGFR tyrosme -^'^ ^' 

provided by Dr. H. Waksal, ImClone Systems. New York, NY. 

Celllines. . , ft„„ American Type Culture Collection 

, human breast cancer cells were P-^-^^ . , «ia> 10% heat- 

(Rockville, MD, USA). Cells were matntamed ,„eptomycin (100 ..g/ml) and 4 

— d PBS. ao mM ^^:^ZZ<,:. air and 5% CO. a, 3," C. 
mM glutamine (ICN, Irvine, UK) m a tiumiu 

^cr^rll, .ere se^ed in 0. ...^O^ 
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concentrations of docetaxel (day 0). HYB 165 and C225 were added together after 12 hrs (day 1) 
and on day 3. Twelve days after the last treatment, cells were stained with nitroblue tetrazohum 



(Sigma) and colonies larger than 0.05 nmi were counted. 
Experiments were performed twice in triplicate. 



Results 

HYB 165 0.1 nM. which alone causes about 8% inhibition and C225 0.25 ^g/ml. which alone 
causes about go/o inhibition, were added to ZR75-1 cells treated with docetaxel 0.01 nM, which 
alone causes less than 12% inhibition, determinmg an average 93% inhibition. See Figure 2 . 

Conclusions 

HYB 165. MAb C225 and docetaxel. at the low inhibitory doses of 0.1 nM, 0.25 jxg/ml and 0.01 
nM, respectively, cooperatively inhibit tive growth of ZR75-1 cells when used in combination. 

Figure Legend 

Effect of tiie combination of Hyb 165. tiie MAb C225 and Docetaxel on the soft agar growtii of ZR- 
75-1 breast cancer cells. The doses of the different agents are: HYB 165. 0.1 and 0.5 ^M; 
Docetaxel, 0.01 nM; MAb C225, 0.25 jig/ml. 

Data are expressed as percentage growtii inhibition in reference to tiie growth of untreated control 
cells. The height of tiie bar. on tiie left represents the sum of tiie individual agents effects and tiie 
expected percentage growtii inhibition if drugs are additive when used in combination. The total 
height of tiie solid bar indicates tiie actual observed growtii inhibition when drugs were used m 
combination. Therefore, tiie differences between tiie heights of the paired bars reflect tiie magnitude 
of synergism of growth inhibition. 

The data represent means and standard errors of triplicate determinations of two 

experiments. 
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Li antibody MAb 



j^TEBlALS AND METHODS 



*nst the N-terminal 8-13 

Materials. . oUgonucleotides C^BO) t^^^ ^^^^^^ previously 

HYB SOS, a ^^^^ -^e^ato^ subunit of ^^^^"^^^^^.^ used had the foUovnng 
codons of the human Rla reg Cambridge, MA- The an o-O-methyl-modified 

provide by "2."cCACACA'=«^ »^ rrZolxy-'-* 
sequence-. HYB 50S GCA^GC ^, ^. and umno -f^^^^^ 

ribonucleotide bases (boW „ii„„„ncleotide ot HYB 165. 

L ti,e noddle. HYB SOS ^^^l^'l^, ^ft fto« '^-/^^rrmonolnal antibody 
nucleotides (nnderUned ). ^--^^ „ .oOx -"-^-rl^tt Jpe.es with na«ral ligands 
-ed aft« dilution '-^^"^^^Ho IgO, ti>a. binds .o ti,e H^FK^ ^ 
MAb C225 is a human-mous^ j^^^^ activation^ 

,,^,.o,bl^insand«oc^..^^^^^^ 
kindly provided by Dr. H.W 

- n Tvpe Culture Collection 

CeUV-es. ^^^^^ ^^re purchased from ^^,,,ed with 10% heat- 

,3.,5-l hGman bre^t ^ er :;^;^.:^o..yc^r. (100 .g/mD 4 

^33 20^M h1^^^' ^« ^T'^^rre of^^ ai/and S-Zo CO. at 37" C. 
inactivated FBS. 20 tnr^ humified atmosphere oi 

„M glutamine QCH, Irvine, UK) 



Soft agar growth 



Cells (10^ cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, Detroit, MI) 
supplemented with complete culture medium. This suspension was layered over 0.5 ml of 0.8% 
agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with various 
concentrations of docetaxel (day 0). The HYB 508 and C225 were added together after 12 hrs (day 
1) and on day 3. Twelve days after the last treatment, cells were st£^ined with nitroblue tetrazolium 
(Sigma) and colonies larger than 0.05 mm were coxmted. 
Experiments were performed twice in triplicate. 

Results ^ 
HYB 508 0.5 ^iM, which alone causes about 6% inhibition and C225 0.25 |xg/ml, which alone 
causes about 8% inhibition, were added to ZR75-1 cells treated with docetaxel 0.01 nM, which 
alone causes about 12% inhibition, determining an average 26% inhibition. See Figure 3 . 

Conclusions 

HYB 508, MAb C225 and docetaxel, at the low inhibitory doses of 0,5 fiM, 0.25 |j.g/ml and 0.01 
nM, respectively, showed no cooperative antiproliferative effect on the growth of ZR-75-1 cells 
when used in combination. 

Figure Legend 

Effect of the combination of Hyb 508, the MAb C225 and Docetaxel on the soft agar growth of ZR- 
75-1 breast cancer cells. The doses of the different agents are: HYB 508, 0.5 ^lM; Docetaxel, 0.01 
nM; MAb C225, 0.25 ^g/ml. 

Data are expressed as percentage growth inhibition in reference to the growth of untreated control 
cells. The height of the bars on the left represents the sum of the individual agents effects and the 
expected percentage growth inhibition if drugs are additive when used in combination. The total 
height of the solid bar indicates the actual observed growth inhibition when drugs were used in 
combination. Therefore, the differences between the heights of the paired bars reflect the magnitude 
of synergism of growth inhibition. 

The data represent means and standard errors of triplicate determinations of two 
experiments. 
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EXAMPLE 15 



. TT A VFI. ON THE GROWTH 



MATERIALS AND METHODS 



described was provided by Hybnaon . ^ _^„^,„3 2-0-methyl 
seauenee: HYB 165, CCCUGCCTCCTCAC ^^.^^^^^^ 

bases (bold «cs) -^'J ^^^f^^ MO) and .sed a.e. *«o„ .n 

i„ d,e middle. PacU^el was P—f- = ^ 



m trie miuui^. * — 

appropriate solvent as lOOx concentrated stock. 



Tvne Culture Collection 

eo,o„ oanee, cells J^^t^^ ^^ZZj^L,.. b.. 
(RocWle. MD, USA). Cells were — ^^^^.^ s«p.omye,„ (100 .g^ml) and ^ 

mM glutamine (ICN, irvine, uiv; 

Soft agar growth. n s ml of 0.3% Difco Noble agar ^? 

Cells (10- i^ells/well) >vere seeded m 0 5 « " layered over 0.5 ml of 0 8/o 

suppLlented with complete culture oicldnson) and treated with var^us 

J-medium base layer in - — ^^^^^^^^ ^ ^^^^ ^^^^ , ^ 'l^Z^,^^^ 

concentrations of paclitaxel (day 0). The HY ^.^^ ^.^^^^^^^ (S.gma) 

and 4. 12 days after the last treatment, cells w 

colonies larger than 0.05 mm were -^^^^^ 

Experiments were performed twice m tnphcate. 



Results . between O.l and 10 nM was observed, 

A dose-dependent effect of pacUtaxel at dos ^ ^ ^^^^ ^^^^ ^^^^ ^^^^ ^^o/o 

determining up to about 60% growth tnh»btt.on. ^^^^^^ ^ ^^^^ ^^^^^ 

inhibition, was added to GEO cells treated w.* a) P ^^^^^^^ ^ ^^^^ ^^^^ ^^^^ 

inhibition, determining an average A0% u^^ ^ ^^^^^^^ ^^^^.^^^ ^^^,1, ^,^e causes 

,00/0 inhibition, determining an ave^ge^^^ See figure 

abot 58% inhibition, determmmg an average 

conclusions ,f o 5 ^M cooperatively inhibit the growth of GEO cells when 

HYB 165 at the low inhibitory dose of 0.5 co p 

Id in a sequential combination with different doses of pachtaxel. 
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EXAMPLE 16 



„™ ,« .~n ITS mNTROL HYB 508 ON THE GROWTH OF 
EFFECTOPHYB165 ANDITSCONlKUi.ni „, , « 

1A9PTX22 HUMAN OVARIAN CANCER CELLS 



MATERLU^ AND METHODS , ,,, n^^B01 KiEeted iigainsl the N-terminal 8-13 

MaleriaR 18...r mixc. backbone "^'^"^^^^'^^^^^'^^ p„«dore 

oodons of Uie huMan RIa regula^oiy ^'"Tj.^Zt. anUsLe used had fl.e Mowing 

fos is a conL oligo confining four mismatched nudeottdes as underhned. 

r. ^.1 rp-no-resistant clone of the human ovarian 
cel. .incThe .A9PT^2 cell line a P-''--;' <™ ;7„^„, p^^ i„ prepuce of 5 

oaioinoma cell line 1A9, was isolated by '-^Xt^ we» Idndly provided by Dr. 

,g,ml ^^'^'-'^■\'f^''^\';'^'°^,Z maintained in RPM. medium supplemented 
Giannakakou, NCI Be*^^ MD t^A^elU ^^^^^ ^^^^^^ 

with 10% heat-tnacttvated ^^S^"^ 3" ^ 5 ,g/ml verapamil in a humifted 

,g,ml) and 4 "^J— f ^^'"^ ^^^^^^^^^^ ,,,f before experiments were performed, PT^ and 
atmosphere of 95% air and 5% COi at 3 / ' y 
verapamil were removed from culture medium. 

J J n <; ml of 0 3% Difco Noble agar (Difco, 
Sof. agar growlb. Cells (lO' " ^ ^^^^l^^^^^Ln was layered over 0.5 ml 
Detroit M.) supplemented wtth ~»P'- '^^,3,^ (BeTton Dickinson) and treated with 

of 0.8% agar-medium >>- '^7;;^ ^ t'ty 48 hours for three times. After 12 days the 
various concenttafons of HYB 165 or HYB508 ry ^ 
cells were stained with nitroblue tetri^oUum (S.gma, St. Loms, MU) 



mm were counted. 
Experiments were performed twice in triplicate. 
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RESULTS 



Two different l8-m^ MBO complementary to the RIa subumt of PKAI sequence, HYB 165 
and its control oligomer Hvb 508, differing only in 4 nucleotide bases, were tested to study their 
^effect on soft agar growth of U9 human ovarian cancer cells. While HYB 165 determined a dose- 
( dependent inhibition of colonyVormation at doses ranging between 0.1 and 2.5 in all cell lines, 
the HYB 508 control sequenc^ showed a modest or no growth inhibitory effect. HYB 165 
determined an inhibition of 1A9PTX22 cell growth of approximately 5% at a dose of 0.1 nM, of 
about 50% at 0.5 jiM, of about 82»Aat IjiM and achieved over 95% at 2.5 jiM (Fig. 2 ). Conversely, 
HYB 508 caused a growth inhibitionYhich at the highest dose of 2.5 jxM achieved 10%. 
See Figure 5. 

CONCLUSIONS 

HYB 165 causes a dose-dependent growth inhibitory effect on 1A9PTX22 cells, while its 
mismatched control oligomer causes a modest growth inhibitory effect (no more than 10%). 
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EXAMPLE 17 



3 J 



EFFECT OF HYB 165 AND ITS CONTROL HYB 508 ON THE GROWTH OF 

1A9PTX10 HUMAN OVARIAN CANCER CELLS 

MATERIALS AND METHODS 

Materials. 18-mer mixed backbone oligonucleotides (MBO) targeted against the N-terminal 8-13 
codons of the human RIa regulatory subunit of PKA. synthesized by the procedure previously 
2 described were provided by Hybridon Inc., Cambridge, MA. The antisense used had the following 

; sequences: HYB 165, <?CG^7GCCTCCTCAC^/G<?C; HYB 508, GC^i/GCTTCCACAQiGGC HYB 

U 1 65 and HYB 508 are chimeric compounds containing 2-O-methyl-modified ribonucleotide bases (bold 

2 italics) at the 5' and 3' ends and unmodified oligodeoxynucleotide bases in the middle. HYB 508 is a 
Lj control oligo containing four mismatched nucleotides as underlined. 

% Cell lines.The 1 A9PTX10 cell line, a paclitaxel (PTX)-resistant clone of the human ovarian carcinoma 
cell line 1 A9, was isolated by exposing I A9 cells to 5 ng/ml PTX in the presence of 5 ^g/ml verapamil, 

ifl a P glicoprotein antagonist. 1 A9PTX10 cells were kindly provided by Dr. Giannakakou, NCI Bethesda, 
MD USA. Cells were maintained in RPMI medium supplemented with 10% heat-inactivated FBS, 20 
mM HEPES, pH 7.4, penicillin (100 Ul/ml). streptomycin (100 jig/ml) and 4 mM glutamine a^N, 
Irvine, UK) 15 ng/ml PTX and 5 ng/ml verapamil in a humified atmosphere of 95% air and 5% CO^ at 
37° C. 7 days before experiments were performed, PTX and verapamil were removed from culture 
medium. 

Soft agar growth. Cells (10" cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit, MI) 'supplemented with complete culture medium. This suspension was layered over 0.5 ml of 
0.8% agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with 
various concentrations of HYB 165 or HYB508 every 48 hours for three times. After 12 days the cells 
were stained with nitroblue tetrazolium (Sigma, St. Louis, MO) and colonies larger than 0.05 mm were 
counted. 
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Experiments were performed twice in triplicate 



RESULTS 

Two diflferent 18-mer MBO complementary to the RIa subunit of PKAI sequence, HYB 165 
and its control oligomer HYB 508, differing only in 4 nucleotide bases, were tested to study their effect 
on soft agar growth of 1 A9 human ovarian cancer ceils. While HYB 165 determined a dose-dependent 
inhibition of colony formation at doses ranging between 0.1 and 2.5 |xM in all cell lines, the HYB 508 
control sequence showed a modest or no growth inhibitory effect HYB 165 determined an inhibition of 
1 A9PTX10 cell growth of approximately 5% at a dose of 0.1 fiM, of about 43% at 0.5 ^M, of about 
70% at IjiM and achieved over 85% at 2,5 h-M (Fig. 2). Conversely, HYB 508 caused a growth 
inhibition which at the highest dose of 2.5 \iU achieved 10%, See Figure 6 . 

P CONCLUSIONS 

HYB 165 causes a dose-dependent growth inhibitory effect on IA9PTX10 cells, while its mismatched 
y control oligomer causes a modest growth inhibitory effect (no more than 10%). 

; -3 s 
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EXAMPLE 18 



EFFECT OF HYB 165 AND ITS CONTROL HYB 508 ON THE GROWTH OF 

1A9 HUMAN OVARIAN CANCER CELLS 



MATERIALS AND METHODS m 8 13 

Materials. l8-mer mixed backbone oligonucleotides (MBO) targeted against the N-tenmnal 8-13 
^d ns of the human RIa regulatory subunit of PKA. synthesized by the PJ^^^ P— 
described were provided by Hybridon Inc., Cambridge. MA. The ^'^^^l^^^^^""'^^^^ 
luences- HYB 165. OC<7f/GCCTCCTC AC f/GGC; HYB508, GCAUGCTTCCACACAGGa HYB 
sequenccb. n I D . , - o n mMhvl-modified ribonucleoUde bases (bold 

165 and HYB 508 are chimeric compounds contammg 2-O-methyl moditiea n ^ 
italics) at the 5' and 3' ends and unmodified oligodeoxynucleotide bases m the m.ddle. HYB 508 rs 
control oligo containing four mismatched nucleotides as underhned. 

.• • 1 ^ ^ffU^ human ovarian carcinoma cell line. A2780. 1A9 cells 
Cell lines. The 1 A9 cell Ime is a clone of the human ovanaii ^ upx/rr 
ceu nnes. R^th<><;da. MD USA. Cells were maintamed m RPMl 

were kindly provided by Giannakakou, NCI Bethesda, Niu, uo/v. ,,nATTr/,«n 
:^irrpje,„e„.ed L ,0% hea.-i„ao.va,ed FBS. 20 HEPES. pH 7.4 pe^Clm (100 WmO^ 
lp«,mycL (>00 .g/mO and 4 »M glu^ine OCN, Irvine. UK) in a humified a»osphe« of 95/. a. 
and 5% CO^ at 37° C. 

soft agar growth. Cells (10^ cells/well) were seeded in 0.5 ml of O.30/0 Difco Noble ^ar (D^co 
Detroit Ml) supplemented with complete culture medium. This s„n was ^^^J^-^^^;^ 
0 8O/O agar-^edium base layer in 24 multiwell cluster dishes (Becton Dickmson) ^^^^J 

• f «vR 1 or HYB508 every 48 hours for three Umes. After 12 days the cells 
various concentrations of HYB 165 or HYB5UK every ho ^ , . , , .u,„ n OS mm were 

. . . 1- /-Qirrma <?t Touis MO) and colomes larger than O.u:) mm wcit 

were stained with nitroblue tetrazolium (Sigma, bt. Louis, mvv; 

counted. 

Experiments were performed twice in triplicate. 



RESULTS 

Two different 18-mer MBOs complementary to the Rla subiinit of PKAI sequence, HYB 165 
and its control oligomer HYB 508, differing only in 4 nucleotide bases, were stidied to evaluate their 
effect on soft agar growth of 1A9 human ovarian cancer cells. While HYB 165 determined a dose- 
dependent inhibition of colony formation at doses ranging between 0.1 and 2.5 [xM in all cell lines, the 
HYB 508 control sequence showed a modest or no growth inhibitory effect. HYB 165 determined an 
inhibition of 1A9 cell growth of approximately 5% at a dose of 0.1 ^M, of about 41% at 0.5 nM, of 
about 90% at l\xM and achieved over 95% at 2.5 ^tM (Fig. 2). Conversely, HYB 508 caused a growth 
inhibition which at the highest dose of 2.5 jaM achieved 20% inhibition. See Figure 7 . 

,^ CONCLUSIONS 

^1 HYB 165 causes a dose-dependent growth inhibitory effect on 1 A9 cells, while its mismatched control 

oligomer causes a modest growth inhibitory effect (no more than 20%). 

■ S 

'■ 

■: i a 
• a 
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EXAMPLE 19 



EFFECT OF HYB 508 WITH OR WITHOUT MONOCLONAL ANTIBODY Mab 
C225 ON THE GROWTH OF ZR-75-1 HUMAN BREAST CANCER CELLS 



MATERIALS AND METHODS 

Materials. HYB 508, a 18-mer mixed backbone oligonucleotides (MBO) targeted against the N- 
terminal 8-13 codons of the human RIa regulatory subunit of PKA, synthesized by the procedure 
previously described was provided by Hybridon Inc., Cambridge, MA. The antisense used had the 
following sequence: HYB 508, GCd.C/GCITCCACACiG'C?C and contains 2-O-methyl-modified 
ribonucleotide bases (bold italics) at the 5' and 3' ends and unmodified oligodeoxynucleotide bases 
in tiie middle. HYB 508 is a control oligonucleotide of HYB 165, containmg four mismatched 
nucleotides (underlined). The monoclonal antibody Mab C225 is a human-mouse chimeric IgG, that 
binds to the EGFR, competes with natural ligands for receptor binding and blocks tiie EGFR 
tyrosine kinase activation. Clinical grade MAbC225 was- kindly provided by Dr. H. Waksal, 
ImClone Systems, New York, NY. 

Cell lines. ZR-75-1 human breast cancer cells were purchased from American Type Culture 
Collection (RockviUe, MD, USA). Cells were maintained in DMEM medium supplemented witii 
10% heat-inactivated FBS, 20 mM HEPES, pH 7.4, penicillin (100 Ul/ml), streptomycin (100 
fig/ml) and 4 mM glutamine (ICN, Irvine, UK) in a humified atinosphere of 95% air and 5% CO, at 
37° C. 

Soft agar growth. Cells (10* cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit, MI) supplemented witii complete culture medium. This suspension was layered over 0.5 ml 
of 0.8% agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with 
various concentrations of Mab C225 and/or of HYB508 every 48 hours for three times.After 12 
days the cells were stained with nitroblue tetrazolium (Sigma) and colonies larger than 0.05 mm 
were counted. 

Experiments were performed twice in triplicate. 



RESULTS ^^^^ irf^ibition of ZR-75-1 cell growth, was used in 

HYB 508 0.5 which alone causes a ^ ^^^^^ ^^^^ ^^^^ ^^^^^ .^^.^^^ determining 

combination with 0 Mab C225 0 25 w c ^^^^ ^^^^ ^ ^^^^ ^^^^^ 

an average 12o/o inhibition; y) Mab C22:, '^^ C225 1 ^g/ml, ^<^^ ^"^^ ^^"^'^ 
determining an average 45% inhibition; * . I ^hich alone causes 

l^Mao. de^nntains an ave^e 77% i»hlMuo. « 'l^^"^/^ ^ . 
76% i^bldon, de— an av«age 82% u*.b.uo. 

CONCLUSIONS ..^ooerativeantiproUferativeeffectonthegrowthofZR- 

HYB 508 at the dose of 0.5 ^^^^ ^ ^Mab C225. 

75-1 cells when used in combination with different dos 

Figure Legend ^ ZR-75-1 breast cancer cells. 

Effect of — Uo. of ™o „ ^3;^^,,, 0. .B/na 0). 1 .s/n^ (« and 

HYB 508 0.5 ^ (1-1) in combination mtt. MAb C225 0.2 W 

2.5 ^g/ml 0). „ tt,e pow* of untreatoi control 

Data are expressed as percentage growth tnh,bmo ^^^^ 
ecus. Tbe height of the bar= o„ the left represents t,.^™ o 

expected percentage growth ^^^^^^^^ „ ..en dmgs were used in 

height of the solid bar indicates the actual "^'"^^ ^ ^Bect the magnitude 

eombination. Therefore, the differences be^^een the hetghts of 

of synergism of growth inhibition. ieterminaUon of at least W. 

The data represent means and standard errors of trrpUeate 



experiments. 



EXAMPLE 20 



EFFECT OF HYB 165 AND HYB 618 ON THE GROWTH OF 
OVCAR-3 OVARIAN CANCER CELLS 

MATERIALS AND METHODS 

Materials. 18-mer mixed backbone oligonucleotides (MBO) targeted against the N-tenninal 8-13 
codons of the human RIa regulatory subunit of PKA, synthesized by the procedure previously 
described were provided by Hybridon Inc., Cambridge, MA. The antisense used had the following 
sequences: HYB 165. GCGZ7GCCTCCTCAC t/GGC; HYB618. GCAVQOK^QQ^PSIAGGC. HYB 
165 and HYB 618 are chimeric compounds containing 2-O-methyl-modified ribonucleotide bases (bold 
italics) at the 5' and 3' ends and unmodified oligodeoxynucleotide bases in the middle. HYB 618 is a 
control oligo containing four mismatched nucleotides as underlined. 

Cell lines. OVCAR human ovarian cancer cells were purchased from American Type Culture 
Collection (RockviUe, MD, USA). Cells were maintained in DMEM and HAM'S F-12 (1:1) 
supplemented with 10% heat-inactivated PBS, 20 mM HEPES. pH 7.4; penicillin (100 Ul/ml). 
streptomycin (100 jig/ml) and 4 mM glutamine aCN, Irvine, UK) in a humified atmosphere of 95% air 
and 5% CO2 at 37° C. 

Soft agar growth. Cells (10^ cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit. MI) supplemented with complete culture medium. This suspension was layered over 0.5 ml of 
0.8% agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with 
various concentrations of HYB 165 or HYB295 every 48 hours for tiiree times. After 12 days the cells 
were stained witii nitroblue tetrazolium (Sigma, St. I^uis, MO) and colonies larger tiian 0.05 mm were 
counted. 

Experiments were performed twice in triplicate. 
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Results 

Two different 18-mer MBO complementary to the RIa subunit of PKAI sequence. HYB 165 
and its control oligomer HYB 618, differing only in 4 nucleotide bases, were tested to study their effect 
on soft agar growth of GEO human colon cancer cells. While HYB 165 determined a dose-dependent 
inhibition of colony formation at doses ranging between 0.1 and 2.5 [sM in all cell lines, the HYB 618 
control sequence showed a modest or no growth inhibitory effect HYB 165 determined an inhibition of 
OVCAR-3 cell growth of approximately 25% at a dose of 0.1 fiM, of about 58% at 0.5 nM, of about 
75% at 1 nM and about 95% at 2.5 \sM (Fig. 2). Conversely, HYB 618 caused a growth inhibition 
which at the highest dose of 2.5 nM achieved 15%. See Figure 9. 



Conclusions 

HYB 165 causes a dose-dependent growth inhibitory effect on OVCAR-3 cells, while its mismatched 
control oligomer causes a modest growth inhibitory effect (less than 15%). 
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EXAMPLE 21 



EFFECT OF HYB 165 WITH OR WITHOUT DOCETAXEL ON THE GROWTH 

OF ZR75-1 HUMAN BREAST CANCER CELLS 



MATERIALS AND METHODS 

Materials. HYB 165, a 18-mer mixed backbone oligonucleotides (MEG) targeted against the N- 
terminal 8-13 codons of the human RIa regulatory subunit of PKA, synthesized by the procedure 

previously described was provided by Hybridon Inc., Cambridge, MA. The antisense used had the 
following sequence: HYB 165, GCGUGCCTCCTCACUGGC and contains 2-O-methyl-modified 
ribonucleotide bases (bold italics) at the 5' and 3' ends and unmodified oligodeoxynucleotide bases 
in the middle. Docetaxel was a kind gift from Rhone Poulenc Rorer, Origgio, Italy, and used after 
dilution in appropriate solvent as lOOx concentrated stock. 

Cell lines. ZR75-1 human breast cancer cells were purchased from American Type Culture 
Collection (Rockville, MD, USA). Cells were maintained in DMEM medium supplemented with 
10% heat-inactivated FBS, 20 mM HEPES, pH 7.4, penicillin (100 Ul/ml), streptomycin (100 
pg/ml) and 4 mM glutamine (ICN, Irvine, UK) in a humified atmosphere of 95% air and 5% CO2 at 
37*^ C. 

Soft agar growth. Cells (10^ cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit, MI) supplemented with complete culture medium. This suspension was layered over 0.5 ml 
of 0.8% agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with 
various concentrations of docetaxel (day 0). The HYB 165 was added after 12 hrs (day 1) and on 
day 3. Twelve days after the last treatment, cells were stained with nitroblue tetrazoUum (Sigma) 
and colonies larger than 0.05 mm were counted. 
Experiments were performed twice in triplicate. 



•sc. 
3 



a 



Results 

A dose-dependent effect of docetaxel at doses ranging between 0.01 and 0.3 nM was observed, 
determining up to about 80% growth inhibition. HYB 165 0.1 (a-d) j^M. which alone causes about 
5% inhibition, was added to ZR75-1 cells treated with a) docetaxel 0.01 nM, which alone causes 
less than 15% inhibition, determining an average 40% inhibition; 6) docetaxel 0.03 nM, which 
alone causes about 40% inhibition, determining an average 70% inhibition; c) docetaxel 0.1 nM, 
which alone causes about 72% inhibition, determining an average 86% mhibition; d) docetaxel 0.3 
nM, which alone causes about 85% inhibition, determining an average 97%. , 
HYB 165 0.5 nM(e-f), which alone causes about 15% inhibition, was added to ZR75-1 cells treated 
with e) docetaxel 0.01 nM, which alone causes less than 15% inhibition, determming an average 
65% inhibition f) docetaxel 0.03 nM, which alone causes about 40% inhibition, determining an 
average 66% inhibition; g) docetaxel 0.1 nM, which alone causes about 72% inhibition, determinmg 
an average 86% inhibition; h) docetaxel 0.3 nM, which alone causes about 85% inhibition, 
determining an average 99% inhibition. See Figure 10. 

Conclusions 

HYB 165 at tiie low inhibitory doses of 0.1 fxM and 0.5 \sM cooperatively inhibits tiie growth of 
ZR75-1 cells when used in a sequential combination with different doses of docetaxel. 

Figure Legend 

Effect of ttie combination of two different agents on tiie growtii of ZR-75-1 breast cancer cells. 
HYB 165 0.1 nM (a-d) and 0.5 nM (e-f) in combination witii Docetaxel 0.01 nM (a-e); 0.03 nM (b- 
f); 0.1 nM (c-g); 0.3 nM (d-h). 

Data are expressed as percentage growth inhibition in reference to die growtii of unti-eated control 
cells. The height of tiie bars on tiie left represents tiie sum of tiie individual agents effects and tiie 
expected percentage growtii inhibition if drugs are additive when used in combination. The total 
height of tiie solid bar indicates tiie actual observed growtii inhibition when drugs were used in 
combination. Therefore, tiie differences between tiie heights of tiie paired bars reflect tiie magnitude 
of synergism of growth inhibition. 

The data represent means and standard errors of triplicate determination of at least two 
experiments. 
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EXAMPLE 22 



EFFECT OF HYB 508 WITH OR WITHOUT DOCETAXEL ON THE GROWTH OF ZR- 

75-1 HUMAN BREAST CANCER CELLS 



MATERIALS AND METHODS 

Materials. HYB 508, a 18-mer mixed backbone oligonucleotides (MEG) targeted against the N- 
terminal 8-13 codons of the human RIa regulatory subunit of PKA, synthesized by the procedure 
previously described was provided by Hybridon Inc., Cambridge, MA. The antisense used had the 
following sequence: HYB 508, GCit/GCTTCCACAClC?C?C and contains 2-O-methyl-modified 
ribonucleotide bases (bold italics) at the 5' and 3' ends and unmodified oligodeoxynucleotide bases 
in the middle. HYB 508 is a control oligonucleotide of HYB 165, containing four mismatched 
nucleotides (underlined). Docetaxel was a kind gift from Rhone Poulenc Rorer, Origgio, Italy, and 
used after dilution in appropriate solvent as lOOx concentrated stock. 

Cell lines. ZR-75-1 human breast cancer cells were purchased from American Type Culture 
Collection (Rockville, MD, USA). Cells were mamtamed in DMEM medium supplemented with 
10% heat-inactivated PBS, 20 mM HEPES, pH 7.4. penicillin (100 Ul/ml), streptomycin (100 
fig/ml) and 4 mM glutamine (ICN, Irvine, UK) in a humified atmosphere of 95% mr and 5% CO, at 
37° C. 

Soft agar growth. Cells (10^ cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit, MI) supplemented with complete culture medium. This suspension was layered over 0.5 ml 
of 0.8% agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with 
various concentrations of docetaxel (day 0).The HYB 508 was added after 12 hrs and on day 2, 3 
and 4. After 12 days the cells were stained with nitroblue tetrazolium (Sigma) and colonies larger 
than 0.05 mm were counted. 

Experiments were performed twice in triplicate. 
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RESULTS 

A dose-dependent effect of docetaxel at doses ranging between 0.01 and 0.3 nM was observed, 
determining up to about 80% growth inhibition. HYB508 0.5 jxM (i-l). which alone causes about 
7% inhibition, was added to ZR75-1 cells treated with cells treated with : 0 docetaxel 0.01 nM, 
which alone causes less than 15% inhibition, determining an average 20% inhibition;/) docetaxel 
0.03 nM. which alone causes about 40% inhibition, determining an average 42% inhibition; k) 
docetaxel 0.1 nM, which alone causes about 72% inhibition, determining an average 78% 
inhibition; 1) docetaxel 0.3 nM, which alone causes about 85% inhibition, 4etermining an average 
82%. See Figure 11. 

Conclusions 

HYB 508 at the dose of 0.5 ^M showed no cooperative antiproliferative effect on the grovrth of ZR- 
75-1 cells when used in a sequential combination witii different doses of docetaxel. 

Figure Legend 

Effect of tiie combination of two different agents on tiie grovrth of ZR-75-1 breast cancer cells. 
HYB 508 0.5 ^M (i-l) in combination witii Docetaxel 0.01 nM (i); 0.03 nM 0); 0.1 nM (k); 0.3 nM 

CD- 
Data are expressed as percentage grovrth inhibition in reference to tiie growtii of untreated control 

cells. The height of tiie bars on tiie left represents the sum of tiie individual agents effects and die 
expected percentage growtii inhibition if drugs are additive when used in combination. The total 
height of tiie solid bar indicates tiie actual observed growtii inhibition when drugs were used in 
combmation. Therefore, tiie differences between tiie heights of tiie paired bars reflect tiie magnitude 
of synergism of growth inhibition. 

The data represent means and standard errors of triplicate determination of at least two 
experiments. 
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EXAMPLE 23 



EFFECT OF HYB 165 WITH OR WITHOUT MONOCLONAL, ANTIBODY MAb C225 
ON THE GROWTH OF ZR-75-1 HUMAN BREAST CANCER CELLS 



MATERIALS AND METHODS 

Materials. HYB 165, a 18-mer mixed backbone oligonucleotides (MBO) targeted against the N- 
terminal 8-13 codons of the human RIa regulatory subunit of PKA, synthesized by the procedure 
previously described was provided by Hybridon Inc., Cambridge, MA, The antisense used had the 
following sequence: HYB 165, GCGUGCCTCCTCACUGGQ and contains 2-O-methyl-modified 
ribonucleotide bases (bold italics) at the 5' and 3' ends and vmmodified oligodeoxynucleotide bases 
in the middle. The monoclonal antibody MAb C225 is a human-mouse chimeric IgGi that binds to 
the EGFR, competes with natural ligands for receptor binding and blocks the EGFR tyrosine kinase 
activation. Clinical grade Mab C225 was kindly provided by Dr. H. Waksal, ImClone Systems, 
New York, NY. 

Cell lines. ZR-75-1 human breast cancer cells were purchased from American Type Culture 
Collection (Rockville, MD, USA). Cells were maintained in DMEM medium supplemented with 
10% heat-inactivated FBS, 20 mM HEPES, pH 7.4, penicillin (100 Ul/ml), streptomycin (100 
tig/ml) and 4 mM glutamine (ICN, Irvme, UK) in a humified atmosphere of 95% au: and 5% CO2 at 
37° C. 

Soft agar growth. Cells (lO'* cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit, MI) supplemented with complete culture medium. This suspension was layered over 0.5 ml 
of 0.8% agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with 
various concentrations of Mab C225 and/or of HYB 165 every 48 hours for three times. After 12 
days the cells were stained with nitroblue tetrazolium (Sigma) and colonies larger than 0.05 mm 
were counted. 

Experiments were performed twice in triplicate. 
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RESULTS 

HYB 165 0.1 fiM (a-d), which alone causes about 2% inhibition of ZR-75-1 cell growth, was used 
in combination with a) Mab C225 0.25 fig/ml, which alone pauses about 10% inhibition, 
determining an average 37% inhibition; b) Mab C225 0.5 fxg/ml, which alone causes about 47% 
inhibition, determining an average 65% inhibition; c) Mab C225 1 fig/ml, which alone causes about 
68% inhibition, determining an average 85% inhibition; d) Mab C225 2.5 |J.g/ml, which alone 
causes about 76% inhibition, determining an average 90% inhibition, 

HYB 165 at the higher dose of 0.5 iiM (e-h), which alone causes about 10% inhibition of ZR-75-1 
cell growth, was used in combination with e) Mab C225 0.25 }xg/ml, which alone causes about 10% 
inhibition, determining an average 57% inhibition; f) Mab C225 0.5 |xg/ml, which alone causes 
about 47% inhibition, determining an average 70% inhibition; g) Mab C225 1 ^g/ml, which alone 
causes about 68% inhibition, determining an average 90% inhibition; h) Mab C225 2.5 |J.g/ml, 
which alone causes about 76% inhibition, determining an average 98% inhibition. See Figure 1 2 . 

CONCLUSIONS 

HYB 165 at the low inhibitory dose of 0.1 fxM and 0.5 ^M cooperatively inhibit the growth of ZR- 
75-1 cells when when used in combination with different doses of Mab C225. 

Figure Legend 

Effect of the combination of two different agents on the growth of ZR-75-1 breast cancer cells. 
HYB 165 0.1 \iM (a-d) and 0,5 |xM (e-f) or HYB 508 0.5 fxM (i-I) in combination with MAb C225 
0.25 |xg/ml (a,e,i), 0.5 jig/ml (b,f j), 1 fig/ml (c,g,k) and 2.5 fxg/ml (d,h,l). 

Data are expressed as percentage growth inhibition in reference to the growth of untreated control 
cells. The height of the bars on the left represents the sum of the individual agents effects and the 
expected percentage growth inhibition if drugs are additive when used in combination. The total 
height of the solid bar indicates the actual observed growth inhibition when drugs were used in 
combination. Therefore, the differences between the heights of the paired bars reflect the magnitude 
of synergism of growth inhibition. 

The data represent means and standard errors of triplicate determination of two experiments. 
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EXAMPLE 24 



EFFECT OF HYB 165 AND HYB 295 ON THE GROWTH OF 
ZR-75-1 HUMAN BREAST CANCER CELLS 

MATERIALS AND METHODS 

Materials, 18-mer mixed backbone oligonucleotides (MEG) targeted against the N-terminal 8-13 
codons of the human RIa regulatory subunit of PKA, synthesized by the procedure previously 
described were provided by Hybridon Inc., Cambridge, MA. The antisense used had the following 
sequences: HYB 165, GCGUGCCTCCTCACUGGC\ HYB295, GCAUGCATCCGCACAGGa HYB 
165 and HYB 295 are chimeric compounds containing 2-O-methyl-modified ribonucleotide bases (bold 
italics) at the 5' and 3' ends and unmodified oligodeoxynucleotide bases in the middle. HYB 295 is a 
control oligo containing four mismatched nucleotides as underlined. 

Cell lines. ZR-75-1 human breast cancer cells were purchased from American Type Culture Collection 
(Rockville, MD, USA). Cells were maintained in DMEM medium supplemented with 10% heat- 
inactivated FBS, 20 mM HEPES, pH 7.4, penicillin (100 Ul/ml), streptomycin (100 [xg/ml) and 4 mM 
glutamine (ICN, Irvine, UK) in a humified atmosphere of 95% air and 5% CO^ at 37^ C. 

Soft agar growth. Cells (10^ cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit, MI) supplemented with complete culture medium. This suspension was layered over 0.5 ml of 
0.8% agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with 
various concentrations of HYB 165 or HYB295 every 48 hours for three times. After 12 days the cells 
were stained with nitroblue tetrazolium (Sigma, St. Louis, MO) and colonies larger than 0.05 mm were 
counted. 

Experiments were performed twice in triplicate. 
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RESULTS 

Two different 18-mcr MBO complementary to the RIa subunit of PKAI sequence, HYB 165 
and its control oligomer HYB 295, differing only in 4 nucleotide bases, were tested to study their effect 
on soft agar growth of ZR-75-1 human breast cancer cells. While HYB 165 determined a dose- 
dependent inhibition of colony formation at doses ranging between O.I and 2.5 fiM in all cell lines, the 
HYB 295 control sequence showed a modest or no growth inhibitory effect. HYB 165 determined an 
inhibition of ZR-75-1 cell growth of approximately 5% at a dose of 0.1 p,M, pf about 34% at 1 ^iM and 
achieved over 85% at 2.5 \iM (Fig. 2). Conversely, HYB 295 caused a growth inhibition which at the 
highest dose of 2.5 nM achieved 10%. See Figure 13. 

CONCLUSIONS 

HYB 165 causes a dose-dependent growth inhibitory effect on ZR-75-1 cells, while its mismatched 
control oligomer causes a modest growth inhibitory effect (no more than 10%). 
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EXAMPLE 25 



EFFECT OF HYB 165 AND HYB 508 ON THE GROWTH OF 
ZR-75-1 HUMAN BREAST CANCER CELLS 



MATERIALS AND METHODS 
Materials, 

18-mer mixed backbone oligonucleotides (MBO) targeted against the N-terminal 8-13 codons of the 
human RIa regulatory subunit of PKA, synthesized by the procedure previously described were 
provided by Hybridon Inc., Cambridge, MA. The antisense used had the following sequences: HYB 
165, CPCGC/GCCTCCTCACl/G^GC; HYB 508, GCAUGCTTCCACACAGGC. HYB 165 and HYB 
508 are chimeric compounds containing 2-O-mediyl-modified ribonucleotide bases (bold italics) at the 
5' and 3' ends and unmodified oligodeoxynucleotide bases in the middle. HYB 508 is a control oligo 
containing four mismatched nucleotides as underlined. 



Cell lines. 

ZR-75-1 human breast cancer cells were purchased from American Type Culture Collection 
(Rockville, MD, USA). Cells were maintained in DMEM medium supplemented with 10% heat- 
inactivated FBS, 20 mM HEPES, pH 7.4, penicillin (100 Ul/ml), streptomycin (100 ^ig/ml) and 4 mM 
glutamine (ICN, Irvine, UK) in a humified atmosphere of 95% air and 5% CO2 at 37^ C. 

Soft agar growth. Cells (10' cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit, MI) supplemented with complete culture medium. This suspension was layered over 0.5 ml of 
0.8% agar-medium base layer in 24 multiwell cluster dishes (Becton Dickinson) and treated with 
various concentrations of HYB 165 or HYB508 every 48 hours for three times. After 12 days the cells 
were stained with nitroblue tetrazolium (Sigma, St. Louis, MO) and colonies larger than 0.05 mm were 
counted. 

Experiments were performed twice in triplicate. 
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Results 



Two different 18-mer MBO complementary to the RIa subunit of PKAI sequence, HYB 165 and its 
control oligomer HYB 508, differing only in 4 nucleotide bases, were tested to study their effect on soft 
agar growth of ZR-75-1 human breast cancer cells. While HYB 165 determined a dose-dependent 
inhibition of colony formation at doses ranging between 0.1 and 2,5 |-iM in all cell lines, the HYB 508 
control sequence showed a modest or no growth inhibitory effect, HYB 165 determined an inhibition of 
ZR-75-1 cell growth of approximately 5% at a dose of 0.1 fiM, of about 34% at 1 fxM and achieved 
over 85% at 2.5 (Fig. 2 ). Conversely, HYB 508 caused a growth inhibition v^ch at the highest 
dose of 2.5 nM achieved 10%. See Figure 14. 

Conclusions 

HYB 165 causes a dose-dependent growth inhibitory effect on ZR-75-1 cells, while its mismatched 
control oligomer causes a modest growth inhibitory effect (no more than 10%). 
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EXAMPLE 26 



EFFECT OF HYB 165 AND HYB 295 ON THE GROWTH OF 

GEO COLON CANCER CELLS 

MATERIALS AND METHODS 

Materials. 18-mer mixed backbone oligonucleotides (MBO). targeted against the N-teraiinal 8-13 
codons of the human RIa regulatory subunit of PKA, synthesized by the procedure previously 
described were provided by Hybridon Inc., Cambridge, MA. The antisense used had the following 
sequences: HYB 165, GCGUGCCTCCTCACUGGO, HYB295, (?GiJ7GCATCCGCAGiG^G'<^. HYB 
165 and HYB 295 are chimeric compoimds containing 2-O-methyl-modified ribonucleotide bases (bold 
italics) at the 5' and 3' ends and unmodified oligodeoxynucleotide bases in the middle. HYB 295 is a 
control oligo containing four mismatched nucleotides as underlined. 

Cell lines. GEO human colon cancer cells were purchased from American Type Culture Collection 
(Rockville, MD, USA). Cells were maintained in McCoy's Medium 5 A supplemented with 10% heat- 
inactivated FBS, 20 mM HEPES, pH 7.4, penicillin (100 Ul/ml), streptomycin (100 |ag/ml) and 4 mM 
glutamine (ICN, Irvine, UK) in a humified atmosphere of 95% air and 5% CO^ at 37° C. 

Soft agar growth. Cells (10^ cells/well) were seeded in 0.5 ml of 0.3% Difco Noble agar (Difco, 
Detroit, MI) supplemented with complete culture medium. This suspension was layered over 0.5 ml of 
0.8% agar-medium base layer in 24 multiweir cluster dishes (Becton Dickinson) and treated with 
various concentrations of HYB 165 or HYB295 every 48 hours for three times. After 12 days the cells 
were stained with nitroblue tetrazolium (Sigma, St. Louis, MO) and colonies larger than 0.05 mm were 
counted. See Figure 15. 

Experiments were performed twice in triplicate. 
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RX AMPLE 27 



HYB 165 inhibits tvimor growth after i.p. or oral 
administration 

We iiWestigated the antitiamor activity of HYB 
165 (AS RIdO in nude mice bearing GEO colon cancer 
xenograts, I^ing either the intraperitoneal (i.p.) 
or the oral r\pute of administration. When 
established GEO tiamors of approximately 0.2 cm^ 
were detectablV groups of 10 mice were treated 
i.p. with eitheV HYB 165 or a control modified 
backbone oligonuteleotide with a scrambled 
sequence, at 5 oA 10 mg/kg/dose, daily on days 7 
to 11 and 14 to ISy. Figure 16A shows that i.p. 
administration of Wb 165 caused a dose-dependent 
inhibition of growth up to 40% at a dose of 10 
mg/kg/dose. The coritrol oligonucleotide produced 
no inhibition at 10 fl^g/kg/dose. 

Following oral administration, modified 
baclcbone oligonucleotides (MBOs) are absorbed in 
the upper and lower part of the GI tract and 
distributed to major organs (S. Agrawal and R. 
Zhang, In: Antisense Research and Application, S. 
T. Crooke, ed. ) , Handbook of Experimental 
Pharmacology, Springer, Berlin, p. 525-543 (1998). 
Therefore, HYB 165 and the\ control oligonucleotide 
were administered to GEO tiktior -bearing mice as 
described above, except that HYB 165 and the 
control oligonucleotide were', administered orally. 
As shown in Figure 16B, at a dose of 10 
mg/kg/dose, the two cycles of \treatment with HYB 
165 caused an average inhibition of tumor growth 
of about 60% as compared to untreated mice, while 
the tumor size of the mice treated with the 

\ 
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treated with the Scramble MBO . When taxol and HYB 
165 were used in Aombination, a marked and 
sustained inhibition of tumor growth was observed. 
In fact, tumors of Wee treated with taxol and HYB 
165 grew very slowl^ for approximately 60 days 
following the end of\ treatment , at which time they 
resumed a faster gro\Ath rate (Figure 17A) , 
Administration of the\ scramble MBO in combination 
with taxol produced aA effect simiolar to that of 
taxol alone. Within approximately 5 weeks, GEO 
tumors reached a size Aot compatible with normal 
life in all untreated mice and in mice treated 
with the scramble MBO (rVgure 17B) . A slight 
increase in survival tim4 was observed in the 
group treated with taxol klone, an effect similar 
to that observed in mice Areated with taxol 
followed by the scramble MBO (data not shown) . 
Treatment with HYB 165 aloAe also increased 
survival time as compared tto the control group. 
The delayed GEO tumor growth observed in the group 
treated with taxol in combinWtion with HYB 165 was 
accompanied by a prolonged mice life span, when, 
when analyzed with the log-raVik test (N, Mantel, 
Cmicer Chem. Rep., 163-170 (13^66)), was 
significantly different as coitipared to controls (P 
< 0.0001), to the taxol- treated group (P ^< 0.0001) 
or to the group treated with scyamble MBO plus 
taxol (P < 0.0001). In fact, the only mice still 
alive at 10 weeks after tumor ceyi injection were 
those treated with the combination of taxol and 
HYB 165. Furthermore, about 50% of the mice in 
this group were still alive after\l5 weeks. The 
combined treatment with taxol and HYB 165 was well 



tolerated, since no\ weight loss or other signs of 
acute or delayed to^cicity were observed. 

EXAMPLE 2 9 

Cooperative antitVmor effect of HYB 165 with taxol 
is accompanied by u-xihibition of new vessels 
formation and growth factors production. 

Tumor specimens from the different groups of 
mice were examx^ed by his tochemical analysis at 
different time p>Dints to evaluate the expression 
of a variety of bXological parameters . Resuts of 
the analysis perfomned on tumor specimens after 
two cycles of treatment are presented in Table I. 
Treatment with HYB IGB inhited expression of the 
target RIa protein in Vhe tumor. This effect was 
further increased with HYB 165 was used in 
combination with taxol. \no other treatment was 
able to affect RIa expresTsion. These results 
suggest that inhibition of\RIa expression is not 
dependent on growth inhibit>^on. 

TGFa and AR are growth factors which bind to 
EGFR and control human colon cancer growth through 
autocrine and paracrine mechanisms (F. Ciardiello 
and G. Tortora, Clin, Cancer Res, 4:821-828 
(1998); D. S. Salomon, Crit. Rev, Oncol. Hematol . 
19:183-232 (1995)). Unlike taxol, treatment with 
HYB 165 inhibited the expression of TGF oc and AR. 
Inhibition of AR was further enhanced when taxol 
was used in combination with HYB 165. Moreover, 
the combination of taxol and HYB 165 almost 
completely suppressed cell proliferation, as 
demonstrated by Ki67 staining. 



Loda et al . (Nature Medicine 3:231-234 
(1997)) discloses that the eye 1 in-dependent kinase 
(CDK) inhibitor p27 is direetly related to cell 
entry into S phase and proliferation and that 
reduction of its expression correlates with poor 
prognosis in colon cancer patients. Unlike taxol, 
HYB 165 alone is able to increase p27 expression. 
Moreover, a 2,5-fold increase in intensely 
positive cell staining for p27 was observed in the 
tiomor samples from mice treated with taxol and 
antisense RIa . 

In recent Vears, the critical role of tumor- 
induced neovascularization in neoplastic 
development, progression and metastasis has been 
elucidated (J. I. Kokman, In: J. Mendelsohn et 
al , , eds . , The Moleanjlar Basis of Cancer, pp 206- 
232, Phaladelphia: vte Saunders (1995) . A 
reliable histologic esit:imate of novel blood 
vessels on tumor specimens is the mierovessel 
count (MVC) in the most Vntense areas of 
neovascularization. In the present study, tumor- 
induced neovascularizatiorrv was quantified by 
immunohistochemistry using an anti-Factor VIII 
related antigen monoclonal antibody (N. Weidner, 
Breast Cancer Res . Treat., 36\l69-180 (1995)). As 
shown in Table I, a significanV inhibition of 
staining was obtained with HYB \65 (about 8 0%) as 
well as with taxol (over 60%) , as^ compared to 
samples from untreated mice or miae treated with 
the scramble MBO . Combined treatment with taxol 
and HYB 165 completely suppressed vessel formation 
in GEO tumors, demonstrating that tne cooperative 
antitumor effect was associated with\the marked 
inhibition of several factors control! ing cell 





I cycle, proliferation and angiogenesis of this 

Ofr^i human colon cancerWodel . 

5 EOUIVAIiENTS 

Those skilled in the art will recognize, or 
be able to ascertain, using no more than routine 
experimentation, numerous equivalents to the 
10 specific substances and procedures described 

herein. Such equivalents are considered to be 
within the scope of this invention, and are 
vp covered by the following claims. 
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